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GASTRIC NEURECTOMY FOR GASTRIC AND DUODENAL 

ULCERATION-' 

AN ANATOMIC AND CLINICAL STUDY 

Waltman Walters, M D , Harold A Neibling, M D , 

DIVISION or SURGER'i, MA'iO CLINIC FELLOW IN SURGERY, MA'iO FOUNDATION 

William F Bradley, M D , John T Small, M D , 

rELLO\\ IN MEDICINE FELLOW IN SURGERY 

AND 

James W Wilson, M D , 

FELLOW IN SURGERT 

Rochester, Minnesota 


Dragstedt’s' interesting studies on the eftect of resection of the vagus 
nen^es in more than loo cases of peptic ulcei and similai promising studies 
by Grimson, Moore and their associates"’ ^ have led us to attempt to study 
the problem from the anatomic, clinical and expeiimental standpoint We 
began our work by an anatomic study of the distribution of the vagus nerves 
above and below the diaphragm m order to determine their relative position, 
number and size and vdiether the thoracic oi abdominal approach to them 
along the lower part of the esophagus and the upper part of the stomach was 
best In dissection in more than lOO cases at neciopsy (56 men, 44 women 
and II children) we found, as Millei^ pieviously found, a marked variation 
m the anatomic distribution of the vagus nerves, which in the present study 
of their relation to the lowei part of the stomach and esophagus we shall 
term “gastric nerves ” 

Because of the bizarre results following resection of the vagus neives in 
experimental animals, we have reviewed the literatuie on the subject and 
also the reports of the results of the operation in the treatment of peptic 
ulcer of human beings to November i, 1946 Resections of the vagus or 

* Read before the 58 th Annual Session of the Southern Surgical Association Hot 
Springs, Va , December 12 , 1946 
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gastric nerves have been done at the Mayo Clinic m the treatment of peptic 
ulcer in 66 cases In this paper we are reporting on the immediate results of 
the operation performed by one of us (W W ) on 33 patients (Tables I, II 
and III), and are commenting on the indication for the operation Brief 
mention also will be made of 33 cases m which other surgeons at the clinic 
performed the operations Some of these are listed in Table IV 

Denervation of the stomach is not a new concept in the treatment of peptic 
ulcer, and an extensive and confusing liteiatuie has appeared since Brodie’s'”’ 


Table I 

GASTRIC NEURECTOMY (VAGOTOMt) AUTHORS CASES 
Total and Free Acid" and Minima! 




Gastric Contents 

Blood 






Before 

After 

Sugar 

Mg per 

Curve 
of Insulin 

Roentgenologic 

Comment 

Case 

Lesion 

Operation 

Operation 

100 cc 

Test 

Findings 

and Results 

1 

Gastro- 

jejunal 

ulcer 

28/12 

45 cc 

40/0 

40 cc 

20 

Flat 


Good relief 

2 

Gastro 

jejunal 

ulcer 

32/16 

60 cc 

12/0 

75 cc 
(night) 

33 

rial 

Moderate delaj in 
emptying 

Excellent relief 

3 

Gastric 

ulcer 


26/0 

60 cc 
(night) 

S3 

Flat 

Atonic stomach, 
considerable secrc 
tion 

Good relief early 
but persistence of 
retained secretions 

4 

5 

Gastric 

ulcer 

Bleeding 

duodenal 

ulcer 


20/0 

500 cc 
(night) 

10/0 

22 

Downward 

Normal moti'ity 

Good relief 

Retention of 900 to 
2 300 cc 4 to 9 
postoperative day" 

6 

Duodenal 

ulcer 

64/54 

75 cc 

6/0 

141 cc 
(night) 

23 

Downward 


Dramatic relief 

7 

Duodenal 

ulcer 

46/24 

ISOcc 

40/28 

100 cc 

7 

(incorrect) 

Upward 


Good relief 

8 

9 

Duodenal 

ulcer 

Duodenal 

ulcer 

56/46 

115 cc 
60/40 

14/0 

10 cc 

20/0 

SO cc 

76 

Upward 

Normal 

Duodenal ulcer 
with no crater, 
normal motility 

Good relief 

Good relief 

10 

Duodenal 

ulcer 

64/52 

130 cc 

34/20 

450 cc 

28 

Downward 

Considerable secre- 
tion in stomach 

Good relief 


(night) 


first reports, in 1814 With the exception of those in the most recent reports, 
results have been diversified and often conflicting The extent of the opera- 
tion has varied in the hands of different workers and the fact must not be 
overlooked that many workers have employed it m the experimental produc- 
tion of peptic ulcer® That there is no agreement on even the moipholog}^ 
of the structures of these neives, let alone their function, is reflected in recent 
reports in which one author'^ concluded that the vagus nerve is composed of 
nothing but sympathetic fibers, whereas two other investigators denied the 
presence of any sympathetic fibers in the nerve ® 

2 
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Our anatomic observations weie focused particularly on the nerve struc- 
tures from the pulmonary plexuses to the stomach The vagi invariably 
break up into a numbei of blanches immediately below the pulmonary plexus, 
cross-commumcate on the esophagus Avhere they are joined by sympathetic 
fibers to form the so-called esophageal plexus In 92 of the specimens from 
adults studied at necropsy a rather regular pattern was followed m forming 


Table II 

gastric ncurectoma plus simultaneous gastro-enterostomy 


Total and Free Acids and 

Gastric Contents Minimal 



Type of 
Gastro- 


Before 

After 

- Blood 
Sugar, 

Curve 

of 




enter- 


Opera- 

Opera- 

Mg per 

Insulin 

Roentgenologic 

Comment 

Case ostomy 

Lesion 

tion 

tion 

100 cc 

Test 

Finding 

and Results 

tt 

Postenor 

Duodenal 

70/56 

26/16 

32 

Down- 


Excellent relief 



ulcer, with 
obstruction 

375 cc 

30 cc 


ward 



2 

Posterior 

Perforating 

98/88 





Good relief 



duodenal 

alcer 

150 cc 






3 

Postenor 

Hemorrhagic 

78/66 

10/0 



Normal 

Good relief 



duodenal 
ulcer with 
obstruction 

275 cc 

370 cc 





4 

Postenor 

Perforating 

duodenal 

ulcer 

70/54 





Good rebel 

3 

Postenor 

Perforating 

80/68 

16/0 



Normal 

Good relief 



duodenal 
ulcer with 
obstruction 


100 cc 





6 

Postenor 

Perforating 

80/60 

40/0 

32 

Down- 

Gastrospasm 

Good relief 



duodenal 


60 cc 


ward 





ulcer, with 
obstruction 


(night) 





7 

Postenor 

Duodenal 

46/30 

16/0 

SO 

Flat 

Normal 

Good relief 



ulcer 

17 cc 

600 cc 
(night) 





S 

Postenor 

Duodenal 

78/54 

8/0 

22 

Flat 

Dilatation with 

Slight fullness with 



ulcer, with 

200 cc 

13 cc 



retained secre- 

food, good relief of 



obstruction 





tions 

symptoms 

9 

Postenor 

Penetrating 


34/22 



Rapid emptying 

Ileus, exploration 



bleeding 





of stomach, de- 

800 cc retention 



duodenal 





lay m small 




ulcer with 
obstruction 





bowel 


0 

Postenor 

Duodenal 

66/54 

22/16 



Deformed duo- 

Retention of 2,000 



ulcer with 

100 cc 

100 cc 



denum Gastro- 

cc 4 to 14 post- 



obstruction 





enterostomy 

operative days, re- 








free but high 

currence, pain and 

1 

Postenor 

Duodenal 

32/18 

14/0 

45 

Flat 

Edema at 

vomiting 

Slight fullness with 



ulcer 

SOO cc 

300 cc 
(night) 



anastomosis 

meals Good relief 

2 

Antenor, 

Duodenal 

60/50 

46/26 



Obstruction for 

Obstruction for 26 


entero- 

ulcer with 

175 cc 




14 days 

days, good relief 


anastomosis 

later 

obstruction 







3 

Antenor 

Duodenal 

60/40 

64/54 



Considerable 

Retention of 900 



ulcer with 
obstruction 


200 cc 



retention 

cc on 4 postopera- 
tive days, poor re- 


lief 


3 
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Table III 

G\STRIC NnuRECTOM\ PLUS SIMULTANEOUS C \STRIC OPERATIONS 


Total and Free Acida 

and Gastric Contents Minimal 

■ Blood 




Before 

After 

Sugar Curve of 




Opera 

Opera- 

Mg per Insulin Roentgenologic 

Comment 

Case 

Lesion 

tion 

tion 

100 cc Test Findings 

and Results 



Gastro enteric 

Anastomosis Disconnected, Ulcer Excised 


24 

Gastrojejunal 


20/6 

30 Flat Slight deformity 

Excellent relief 


ulcer 


125 cc 

duodenal cap. 





(night) 

jejumtis in prox- 
imal jejunum 


25 

Gastrojejunal 

58/42 

10/0 

43 Downward 

Excellent relief 


ulcer 

200 cc 

80 cc 
(night) 




Gastro enteric Anastomosis Disconnected, Ulcer Etcised, Heineke Mikulicz Pyloroplasty 

26 

Malfunction- 

72/60 

84/50 

30 Downward Gastric pyloric 

Good relief 


ing stoma with 

55 cc 

150 cc 

spasm 



obstruction 


(night) 




Gastro enteric Anastomosis Disconnected, Ulcer Excised, Finnej Pyloroplasty Operation 

27 

Gastrojejunal 

54/40 

60/36 

20 Downward Duodenum de- 

Early retention, grad 


ulcer 

260 cc 

800 cc 

formed by prenous 

ual decrease in 4 to 6 




(night) 

ulcer, stomach 
slightly atonic 

dajs Good relief 



Gastro enteric Anastomosis Disconnected, Antenor Polya Resection 

28 

Gastrojejunal 

24/10 

6/0 

Free anastomosis. 

Good relief 


ulcer 

104 cc 

SO cc 

bowel negative 





Duodenal Ulcer Excised, Gastroduodenostomy 


29 

Duodenal 

66/48 

22/0 

36 Flat 

Good rel ef 


ulcer 

200 cc 

325 cc 
(night) 

Biopsy of Ulcer and Cautery 


30 

Gastric ulcer 

12/0 

22/0 

50 cc 
(night) 


Good relief 


Transthoracic Exploratory Gastrotomy, Biopsy of Gastric LHcer, Gastric Closure 

31 

Gastric ulcer 

64/52 

22/0 

45 Downward Recurrence of 

Moderate early reten- 


and duodenal 


800 cc 

ulcers but essen- 

tion, poor result 


ulcer 


(night) 

tially normal 





11-11-46 emptying of 





40/26 

stomach 





250 cc 

Gastric Ulcer Explored 


32 

Gastric ulcer 

50/34 

28/0 

45 Upward Normal 

Good rebel 


Healed duo- 

180 cc 

200 cc 

then 



denal ulcer 



dowmward 






Exploratory Gastrotomy Only 


33 

Gastritis 

54/42 

8/0 

76 Upward Normal 

Good relief 



380 cc 

40 cc 
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discrete nen^e trunks below the esophageal plexus In 64 of these the nerve 
trunks foi ined hetii een the esophageal hiatus and 6 cm above the diaphragm, 
m 21, at the distance of 6 cm above the diaphiagm, and m seven at the 
esophageal hiatus In eight of the dissections, it was impossible to isolate 
tiio distinct tiunks at any point In these eight cases the nerves i\eie numer- 
ous and communicating, and their distribution did not follow a uniform pattern 
The position of the right and left trunks below the esophageal hiatus was 
noted in 92 cases, and ivas found to be lemaikably constant The right gastric 


Table IV 

GASTRIC ^EURCCTO^n (V\GOTO'l\) SIGNIEICANT CASES OF OTHER SURGEONS 

Free and Total Acids 

and Gastne Contents Minimal 




Before 

After 

Blood 

Sugar 

Curve of 




Transthoracic 

Opera- 

Opera- 

Mg per 

Insulin 

Roentgenologic 

Comment 

Case Approach for 

tion 

tion 

100 cc 

Test 

Findings 

and Results 

34 

Gastrojcjunal 

54/46 

20/0 




Excellent relief 


ulcer 

185 cc 

210 cc 





35 

Gastrojejunal 

62/52 

14/0 

37 

Flat 

No ulcer Tempo- 

Good relief 


ulcer 

100 cc 

90 cc 



rary delay in 





4 



jejunum 


36 

Gastrojejunal 

36/26 

18/0 



Free anastomosis 

Good relief 


ulcer 

105 cc 

80 cc 



No gastrojejunal 
ulcer 


37 

Gastrojejunal 

1944 

12/0 




No pain, slight tend- 


ulcer 

112/100 
150 cc 
1945 
40/20 

100 cc 

50 cc 




ency to diarrhea 

38 

Duodenal 

60/46 

50/28 

38 

Downward 


Good relief 


ulcer 

130 cc 

200 cc 





39 

Duodenal 

78/68 

5-31-36 




Early retention, good 


ulcer 

100 cc 

26 fn 




relief, considerable 




320 cc 
6-1-46 
62/50 
150 cc 




eructation 

40 

Duodenal 

74/56 

40/20 




Early retention In- 


ulcer (abdom- 

ISO cc 

40 cc 




termittent vomiting 


inal approach) 






and diarrhea 


nerve, the larger in 54 cases, coursed posteriorly and to the left and then broke 
up into its branches about 3 to 5 cm from the hiatus The largest branch of 
the right nerve invariably traveled along the left gastric artery to the celiac 
plexus The left nerve followed a much shorter course in the abdomen As 
It emerged onto the anterior surface of the stomach, it divided into numerous 
small branches w^hich were lost m the serosa and musculature of the stomach 
A branch from both the right and left nerves was invariably found entering 
the leaves of the gastrohepatic omentum 

From the anatomic standpoint, therefore, it would appear that in a trans- 
abdominal approach to the gastric nerv^es the nerves could be located 
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cessfully in approximately 92 per cent of the cases, and possibly many of 
the branches m the remaining 8 per cent In the 33 cases m which one of 
us (W W ) resected the vagus nerves (gastric neurectomy) through the 
transabdominal route, m every case but one it has been possible by exercising 
care, to find all the gastric nerves, as proved by the Hollander® insulin test 

From the experimental standpoint, I should like to consider several im- 
portant points As stated earlier in the paper, an extensive review of the 
literature reveals that in many instances the early and late effects of gastric 
denervation m experimental animals have been confused, the results m man 
have been compared indiscriminately with those m lower animals, and the 
extent of the operation experimentally, and clinically, has varied in the hands 
of different workers 

Seventeen years ago, working in the Division of Expeiimental Surgery 
of the Mayo Foundation, Hartzell,^® and Vanzant^^ studied the effects of 
mtrathoracic and abdominal section of the vagus nerves of dogs HartzelP® 
first studied eight animals , on six, mtrathoracic vagotomy had been performed 
and, on two, abdominal vagotomy The immediate findings revealed total 
abolition of psychic secretion (cephalic phase), marked and constant reduc- 
tion m the quantity of free hydrochloric acid and of the total acids and an 
increase m the hydrogen ion concentration of the gastric secretion Vanzant^^ 
studied some of the same group of dogs and an additional group two and 
one-half years later, and found that m all of the dogs of the original group 
that she studied the amount of total and free acid had increased five to six 
months after operation and that free acid was present m all but one of the 
original group studied two to three years after operation Eventually, in four 
of the dogs, cun^es of free and total acid approach normal Effects of vagot- 
omy on motility of the stomach were inconstant Early studies recently 
reported by VanzanF^ disclosed that in four dogs delayed emptying of the 
stomach occurred, two dogs had hypermotility with a tendency to diarrhea 
and emesis, and three dogs had no change in emptying time Later results^® 
showed the motility of seven of ten dogs to be essentially normal The gen- 
eral health of six dogs was not impaired except for excessive salivation which 
gradually lessened Two dogs vomited frequently following the operation 
Three dogs had increased appetites in spite of which they lost weight Of 
these, two also had a tendency toward diarrhea 

Vanzant’s^^ comments on these studies were that the psychic phase of 
secretion seemed to be abolished and the ability of the secretory mechanism to 
respond to stimuli was decreased Excessive secretion of mucus was one of 
the most striking and typical results of vagotomy She mentioned several 
possible explanations for the gradual increase of gastric secretion as follows 
I Regeneration of the severed nerves was considered, but this had not oc- 
curred m two dogs on which second operations were performed nor in one 
dog, as determined at postmortem examination She assumed, therefore, that 
regeneration was not an important factor 2 The possibility that resumption 
of secretory function was due to stimulation of sympathetic fibers of splanchnic 
nerves uas considered In three dogs, however, the splanchnic nerves had 
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been cut at the time of gastiic iieuiectomy, still, secietion ^^as lesumed She 
concluded, therefoie, that the pai asympathetic fibeis weie not essential in the 
restoration of gastiic secietion 3 Spontaneous restoration of tone by the 
autonomous motor and secretory' mechanism was the only mechanism she was 
unable to lule out by her expeiiments, and she concluded that this mechanism 
might be responsible for the lestoration of gastiic acidity The conclusion 
uhich all should draw fiom this expeiimental study is that time must elapse 
before the ultimate lesults of gastric neurectomy on the secietory and motor 
activities of the stomach can be determined 

CLlNlCAIi APPLICATION 

The Approach and Associated Operations — The clinical application of 
these anatomic studies has led one of us (W W ) to believe that the best 
approach to the gastiic neives is by an incision 111 the upper part of the 
abdomen The advantage of this approach is that, m addition to permitting 
abdominal exploration to exclude disease of other organs, it permits examina- 
tion of the ulcer, its removal if it is a gastric ulcer and is suspected of being 
malignant, or some type of drainage operation of the stomach if the ulcer is 
duodenal and obstructive, 01 if it would appear that obstruction might follow 
resection of the gastric nerves 

Patients upon whom gastric neurectomy is carried out usually have com- 
plicated chronic ulcers which have not responded to many attempts at non- 
surgical (medical) treatment If a gastrojejunal ulcer is present which has 
followed gastro-enterostomy, obstruction not infrequently is present also, as 
a result of repeated ulceration at the stoma and with the obstruction the 
previously existing duodenal ulcer frequently is reactivated. In such cases, 
in addition to gastric neurectomy removal of the gastrojejunal ulcer and the 
gastro-enterostomy seems necessary, and if obstruction of the duodenum had 
resulted from reactivation of the duodenal ulcer or from its healing following 
the gastro-enterostomy, a pyloroplasty seems indicated In one case m which 
a recurring ulcer followed a gastric resection, performed elsewhere, perfora- 
tion of the anastomotic ulcer into the colon was impending In this case 
extensive gastric resection seemed indicated together with removal of the 
anastomotic ulcer, even though gastric neurectomy also was done It is easy 
to understand, therefore, why gastric neurectomy has been performed without 
some other surgical procedure on the stomach of the type mentioned m only ten 
of the 33 cases in which the operation was performed by one of us (W W ) 
Results — Since the various surgical procedures on the stomach just men- 
tioned when used without gastric neurectomy in the treatment of patients 
with ulcers have been followed by relief of pain, decrease of night secretion, 
reduction of gastric acidity and relief of gastrospasm, the difficulties of 
determining the effect of associated gastric neurectomy in such cases is 
evident This has been true in a study of the 66 patients who have under- 
gone gastric neurectomy during the past year at the Mayo Clinic. Gastric 
neurectomy has been performed in 23 cases without any other surgical pro 
cedure on the stomach (Table V) In this paper it has seemed best to us to 
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report mainly the results m 33 cases in which one of us (W W ) performed 
the operation (Table VI) However, occasionally reference will be made to 
other cases 

The immediate results in ten of our cases m which resection of gastric 
nerves was done without other surgical procedures on the stomach have been 
satisfactory thus far (Table I) Relief of pain, reduction in gastric secretion, 
reduction of gastric acidity, with eaily achlorhydria in most cases, and relief 
of gastrospasm have occurred However, some interesting complications have 
occurred in these as well as in the group of 23 in which associated gastric 
operations were done (Tables H and HI) One patient, who had undergone 
gastric neurectom}'^ only, had sufficient gastiic atony and sufficient increase of 
gastric secretion to require inteimittent gastric diainage from the 4th to 9th 

TABtC V 

GASTRIC NrURCCTOMT 

C\SCS AT MATO CLINIC TO NOTCMBER I 1946 


Type of Operation 

Total 

Cases 

Duodenal 

Ulcer 

Gastro- 

jejunal 

Ulcer 

Gastric 

Ulcer 

Gastritis 

Gastric neurectomy only 

23 

11 

10 

2 

0 

Gastnc neurectomy with gastro enterostomy 

29 

29 

0 

0 

0 

Gastnc neurectomy with excision of ulcer 

14 

4* 

7t 

3* 

I 


— 

— 

— 

— 

— 

Total 

66 

44* 

17t 

S* 

1 


* Both duodenal and gastric ulcer m one case 
+ Gastrojejunocolic fistulae in two cases 


day after operation (Table I) In three additional cases moderate retention 
of gastric secretion vas revealed on roentgenoscopic examination, in one, 
several weeks after operation (Case 3, Table I) In one of 13 additional 
cases, m which our surgical colleagues at the Mayo Clinic performed gastric 
neurectomy only, gastric acidity and symptoms of ulcer returned in six weeks 
in spite of achlorhydria immediately after opeiation (Table IV) Two pa- 
tients in that same group have had intermittent diarrhea 

Postoperative disturbances in gastiic motility have been troublesome in 
seven of our 23 cases in which other gastiic opeiations weie associated with 
gastric neurectomy (Tables II and III) Characteristic of three of these, 
were intermittent paroxysmal abdominal distention relieved by injections of 
neostigmine In one of the thiee cases (Case 19), m which gastro-enteros- 
tomy and gastric neurectomy were done, abdominal distention appealed on 
the 5th postoperative day and increased during the next two days Roent- 
genologic studies of the abdomen revealed what seemed to be an obstruction 
of the small intestine Exploration revealed ileus, the small intestine was 
filled with fluid and air or gas, and approximately 800 cc of sterile straw- 
colored fluid was found in the peritoneal cavitj’- Continuous gastric suction 
by means of an indwelling nasal suction tube relieved the distention and 
normal intestinal motility returned 
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In four additional eases gastne ictcntion was ti oublesome foi a few days 
and in all but one of these it subsided \\ithin a week In one case (Case 22) 
jejunojejunostomy was necessaiy on the 26th postopeiative day to lelieve 
persisting gastric retention In one case (Case 3^)) of a Jew, 67 years 
of age. a rccuirence of a gastiic ulcer had taken place, with seveie clinical 
symptoms in spite of a positive insulin test, showing a complete severance of 
ail the gastiic (\agus) neives An eaily achloihydiia had been followed 
by a return of gastric acids 


Tablc VI 

OASTRtC NEURrCTOMN 


AUTHORS* CASTS TO NOVCMDER 1, 1946 







Gastro 




Toni 

Duodenal 

jejunal 

Gastric 


Type of Operation 

Cases 

Ulcer 

Ulcer 

Ulcer 

Gastritis 

Gastric neurectomy only 

10 

6 

2 

2 

0 

Gastne neurectomt w ith gnstro enterostomy 

13 

13 

0 

0 

0 

Gastne neurectomy, with excision of ulcer 

10 

2* 

5 

3* 

1 

Total 

33 

21* 

7 

5* 

1 

♦ Both duodenal and gastric ulcers in one case 

Table VII 






COMPLICATIONS FOLLO'VING GVSTRIC NCURCCTOM\ IN FIRST 66 C ISCS (aLL SORGKONs) 

Retention Results 



Total 

Early 

Roentgen- 



Type of operation 

cases 

clinical 

ologic 

Cases 

Type 

Gastric neurectomy onlv 

23 

6 

6 

1 

Early pleural effusion, epigastric distress 





1 

Recurrent abdominal pain 





1 

Tendency to slight diarrhea 





I 

Early retention followed by intermittent 
emesis and diarrhea 





1 

Considerable belching 





1 

Died fourth postoperative day, probably 
pulmonary embolus 

Gastric neurectomy with 

29 

8 

3 

1 

Died fourteenth postoperative day from 

gastro-enterostomy 





perforated duodenal ulcer and subdia- 
phragmatic abscess 

Gastric neurectomy with 

14 

1 

3 

1 

Died of unknown cause three months 

excision of ulcer or other 





after operation 

operation on stomach 




1 

Recurrent night pain 


In one of the cases in which gastric neurectomy and gasti o-enterostomy 
were performed by our colleagues, the duodenal ulcer perforated (Table VII) 
A subdiaphragmatic abscess developed, and the patient died on the 14th post- 
operative day In another case in which gastric neurectomy, cholecystectomy 
and appendicectomy were performed, the patient died following a convulsion 
on the 4th postoperative day Postmortem examination was not performed 
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Another death from unknown causes"^ occurred at the patient’s home three 
months after gastric neurectomy for gastrojejunocohc fistula in which the 
fistula into the colon was closed- at the time of operation 

The gastric acid of one additional patient who had an early relative achlor- 
hydria returned to preoperative level one month after operation and symptoms 
of ulcer returned An insulin test was not done in this case 

Gastric acidity and gastric secretion in the cases m which gastric neurec- 
tomy alone was performed on our service and some of the other services 
and in those in which gastric neurectomy was associated with other gastric 
operations are shown in Tables I to IV and VIII In many cases in each 


Table VIII 

FREE GASTRIC ACIDITT IN RELATION TO T\PE OF GASTRIC OPERATION (AUTHORS CASES) 

Acidity Before Operation Acidity After Operation 


Type of Operation 

Total 

Cases 

Determina- 
tions made 
Cases 

Mean 

Value 

Units 

Determina- 
tions made 

Cases 

Mean 

Value 

Units 

Gastric neurectomy only 

10 

7 

30 0 

10 

2 8 

Gastric neurectomy and gastro-enterostomy 

13 

12 

S3 2 

11 

12 2 

Gastne neurectomy and excision 
Gastrojejunal ulcer 

5 

4 

38 0 

5 

18 8 

Gastne ulcer 

3 

3 

20 0 

3 

0 

Duodenal ulcer 

1 

1 

48 0 

1 

0 

Gastntis 

1 

1 

42 0 

1 

0 

All cases 

10 

9 

33 6 

10 

9 4 

Grand total 

33 

28 

41 1 

31 

8 3 

group, postoperative studies 

of gastric motility 

and 

roentgenoscopic 

and 


roentgenographic examinations were made on approximately the i6th to the 
20th day after operation The temporary changes in gastro-mtestinal motility 
pattern have been described 

Insulin Test — It is, of course, important in evaluating results of gastric 
neurectomy to determine whether all of the gastric (vagus) nerves have been 
divided Unfortunately, the insulin test, described by Hollander,® involves 
some risk and must be done only under the constant supervision of a physi- 
cian who has available a solution of glucose for immediate administration 
if symptoms and signs of impending hypoglycemic convulsions become mani- 
fest The test itself consists of injection of lo to 30 units of insulin m ordei 
to reduce the patient’s blood sugar to 30 mg per 100 cc If branches of the 
gastric nerves are intact, the gastric secretion increases 40 to 50 minutes 
after injection of the insulin In 20 of the 66 cases m which gastric neurec- 
tomy was performed at the clinic, the Hollander insulin test has been earned 
out Results are shown in Tables I to IV In all but one of our 33 cases 
(W W ) no elevation in gastric acidity occurred (Tables I to IV) 

* Death due to heart disease reported by home physician 
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Wc arc indchlcd to Di'^ Fit/tjihhons, Walls, McVickcr, Biownson, Lowe 
and L}nian for assistance in ic\Mc\\ing and abstracting the records, and tabu- 
lating the results 

Case 31 — \ U\\, ncc 67, pa\c a lu'^tor} of haMiig had peptic ulcer for 36 
jears Posterior eavtio «.niero'<lom} was performed in Jul}', 1927, for a small duodenal 
ulrcr Shoitiv alter openlion, intermittent attacks of abdominal pain of ulcer type 
began A rastrojtjuinl ulcer was demonstrated on roentgenologic examination on several 
occasions, and medical Ircalmcnt was giaen without relief 

Sjanptoins cd ulcer baamc more sexerc m April, 1046 Roentgenologic examination 
rcxealed a large perforating gastric ulcer on the lesser curxature of the stomach just 
below the esophagus and a duodenal ulcer In Tunc, 10 }6, the gastio-enteric anastomosis 
was disconnected and the gastrojcjunal ulcer was excised The scar of a healed duodenal 
ulcer, 4 mm m diameter, was found on the anterior wall of the duodenum but there 
was no duodenal <lcforinitv 'J ho jiostcrior duodenal wall was soft Transabdommal 


TAiur IX 

KfseiT or isseii'' 71 st in cash 31 

Time After Injection of Insulin 



rnetinc 

IS Mins 

30 Mins 

45 Mins 

60 Mins 

Blood su^*, me pc- 100 cc 

10? 

S9 

68 

48 

45 

To'alacid units 

26 

12 

12 

10 

10 

rrieacid units 

10 

0 

0 

0 

0 

Amoun 01 itcrition cc . 

30 

10 

15 

35 

40 


gastric ncurcctonn seemed to be contraindicated at this time because of the location of 
the perforating ulcer In order to perform this operation the ulcer would have had to be 
separated from the pancreas The high location of the ulcer w'ould have made its 
remoxal and accurate closure of the opening in the stomach difficult and hazardous It 
was decided that resection of the stomach to remove the ulcer xvould have necessitated 
remoxal of most of the stomach Since the patient’s general condition did not ^permit a 
resection of this magnitude, medical regimen seemed indicated A six-weeks trial of 
medical treatment did not gixe relief of the pain The gastric ulcer did not decrease m 
size and a duodenal ulcer, xvith a crater, xx'as found on roentgenologic examination Trans- 
thoracic resection of the gastric nerxes w’as performed on July 9> ^946 One major and 
one minor anterior nerxc and one major and one minor posterior nerve were resected 
Incision xx^as made through the diaphragm Part of the gastric ulcer xvas excised for 
microscopic examination and proved to be inflammatory The opening m the stomach 
was closed Subsequent to operation, the patient complained of pain along the thoracic 
incision, and xxuthm two to three xvecks pain of ulcer returned September 18, 1946, a 
Hollander insulin test xx^as performed xvith the results shown in Table IX 

The patient has continued to have symptoms of ulcer, regardless of the strict medical 
regimen carried out in the hospital Roentgenologic examination on November 13, 1946, 
shoxved the gastric ulcer to be practically the same size as prior to operation Gastric 
analysis on November ii revealed 26 units of free hydrochloric acid, with a combined 
acidity of 40 units There xvas 250 cc of gastric secretion Resection of the stomach was 
done on January 13, 1947 The ulcer xvas 2 5 cm in diameter and benign 

Comment Dragstedt’s first gastric neurcctorny in treatment of gastric 
disease xx^as performed three and one-half years ago, and that of Moore and 
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Chapman more than two years ago Since their first operations these sur- 
geons have treated other patients m this manner, most of whom have been 
benefited Yet, because of experimental evidence that any change may be 
only temporary and because long experience with peptic ulcer makes us 
reserve judgment of any operation until a large series of cases has been col- 
lected and a period of many years has elapsed, gastric neurectomy at present, 
at the Mayo Clinic, is being performed only in selected cases of peptic ulcer 
We think the final report on this operation is not due for some years and that 
all reports now, and for some years to come, should be considered interim 
reports In the meantime, the procedui e can be used in the following group 
of cases 

First, in cases of recurring ulcer after an adequate gastric resection, it 
seems justifiable to undertake the comparatively simple operation of gastric 
neurectomy on the chance that the ulcer will heal and symptoms will be 
relieved 

Second, the operation may be used in cerrain cases of gastric ulcer m 
which excision of the ulcerating lesion is necessary to exclude the possibilitj 
that it IS malignant Microscopic examination is made immediately to 
eliminate the possibility that the ulcer is an ulcerating carcinoma Then the 
gastric neurectomy is performed 

Third, the operation may be undertaken in ceitain cases of obstructing 
duodenal ulcers associated with high gastric acidity Simultaneous gastro- 
enterostomy IS performed to relieve the duodenal obstruction It will be 
interesting to determine whether the incidence of recurring ulcers will be 
less than in cases in which gastro-enterostomy without gastric neurectomy is 
performed 

A fourth group consists of cases of chronic, nonobstructing duodenal ulcer, 
in which the cephalic phase of the hyperacidity seems to overshadow other 
factors and no response has been obtained fiom repeated courses of medical 
treatment In these cases we believe gastric neurectomy may be justified 
Many of these patients are young and have high values of gastric acidity and 
active duodenal ulcers which respond unsatisfactorily to medical treatment 
The behavior pattern in these cases suggests a prolonged and excessive 
nervous phase of gastric secretion 

SUMMARY AND COMMENT 

A study of the anatomy of the gastric nerves has demonstiated that in 
92 per cent of the cases the nerves pass through the diaphragm as two dis- 
tinct trunks and are readily accessible for resection 

The abdominal approach to the gastric nerves allows exploiation of the 
abdominal contents and especially the ulcer, 1 emoving it if it is a gastric ulcei 
and is suspected of being malignant, and performing a drainage operation of 
the stomach if the duodenal ulcer is obstructive or likely to become obstruc- 
tive from gastric atony 

It is important to remember in our series of 33 cases that the disturbances 
of gastro-intestmal motility were for the most part, temporary Although 
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spasm of the py loins with dilatation of the stomach and hypei motility of the 
intestine has persisted for seveial weeks in one patient operated upon for 
gastiic ulcer In one case gastiic ulceiation definitely lecurred In the entire 
series of 66 cases, peif oration of a duodenal ulcei and a subdiaphragmatic 
abscess caused the death of the patient 14 days after gastric neurectomy and 
gastro-enterostomy, and two other deaths occuried, one from a suspected 
ceiebral embolism on the 4th postopeiative day and the other at home fiom a 
heart lesion This patient had had a gastrojejunocolic fistula closed and gastric 
neurectomy three months pieviously In the othei cases the immediate results, 
as evidenced by reduction in gastric acidity, gastiic secietion, lelief of gastro- 
spasm and relief of pain, were good but not sinking If the good lesults will 
peisist, the opeiation offers an easy and a compai atively safe method of treat- 
ing certain cases of peptic ulcei, especially cases of recurrent ulcers It will 
have a limited application m cases of obstructing duodenal ulcei and m ceitain 
cases of gastric ulcer In tlie foimer, it can be used m a few cases in associa- 
tion with gastro-entei ostomy In cases of gastiic ulcer excision of the ulcer 
should be done to exclude malignancy. When excision of the ulcer and gastric 
neurectomy have been done simultaneously, distuibances in gastric motility, 
with retention and higher secretion, have been troublesome In any case, 
however, sufficient time must be allowed to pass to determine whether the 
good results are temporary as they seem to be m expeiimental animals and 
whether untoward results may develop 

Mayo Clinic 
Rochester, Mmn 
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Discussion — Dr Arthur W Allfn, Boston, Mass This presentation to which 
you have just listened is very interesting to me Doctor Walters approaches the problem 
in a different manner from what we have done at Massachusetts General Hospital When 
I read the title of his paper I was considerably perturbed that he had included gastric 
ulceration in his subject It has been a great consolation to me that he reports one 
recurrence in five instances of gastric neurectomy for gastric ulcer I feel this may 
help us tremendously in preventing the stampede in the direction of applying this approach 
to cases that should be subjected to more radical types of surgery Gastric ulcers are 
admittedly satisfactory from a surgical standpoint Furthermore, the mortality rate in 
gastric resection for gastric ulcei is lower than for any other lesion of the stomach 
It IS very difficult to get the medical profession to accept the fact that a gastric ulcer 
that does not respond completely to conservative treatment may be malignant We 
reported before this Association a few years ago our analysis of a group of gastric 
ulcers diagnosed as benign, and in that series 14 per cent proved to be carcinoma If we 
are to improve our results in this terrible disease, that takes such a high toll of life 
each year, we must insist on a radical attitude in gastric ulcer 

We have taken out more of the nerves than is shown m Doctor Walters’ beautiful 
movie, but all our neurectomies have been done transthoracically We have had excellent 
results in nonobstructing duodenal ulcer cases They do get stasis after operation, but we 
find this IS not a serious problem We have not combined this operation with other 
procedures such as gastro-enterostomy, because we feel that we must give vagus 
resection itself a fair trial The results so far have been spectacular in nonobstructing 
duodenal ulcers and in anastomatic ulcer There were two temporary failures in anasto- 
nidtic ulcer, they had been operated elsewhere, and, supposedly, had had a classic sub- 
total resection However, when their anastomatic ulcers failed to respond to vagus 
resection, abdominal exploration revealed that the antrum of the stomach had been left 
VI situ at the time of their original operation In both cases the anastomatic ulcer 
healed after removal of the remaining pyloric segment 

Dr F D Moore, in our hospital, has caiefully evaluated these patients before 
operation and followed them afterward He has done most of these procedures in our 
clinic so far, and has reported the results in detail 

Dr R L Sanders, Memphis, Tenn Before undertaking vagotomy I went to Chi- 
cago to observe Doctor Dragstedt’s work If peptic ulcer is neurogenic in origin, as it 
undoubtedly seems to be, his operation is on solid ground 

After seeing Doctor Dragstedt perform vagotomy transabdominally, I tried the same 
procedure on cadavers, then opened the chest I found we had succeeded in dividing all 
nerve trunks through the abdomen We have, therefore, employed no other approach in 
any of our cases, preferring to determine the nature and extent of the disease before 
deciding upon the type of operation 

The esophagus is easily approached if one first mobilizes the left lobe of the liver 
by division of its triangular ligament It is advantageous to leave the tube m the stomach 
as a guide, one can, thus, easily locate the esophagus By drawing the esophagus down 
th-ee inches, the nerve trunks are placed under tension and may be divided between 
clamps About two and one-half inches of the nerve may then be resected Like Doctor 
Walters, we have found the right nerve the larger of the two in most cases 

We have employed vagotomy for 13 duodenal ulcers and two gastrojejunal ulcers, a 
total of IS In seven of the 13 duodenal ulcer cases we have added a gastro-enterostomy 
because of obstruction The results in these seven and the two who had a gastrojejunal 
ulcer have been most satisfactory The patients who had vagotomy alone have continued 
to have a mild degree of distention and have had to observe some dietary restrictions No 
doubt these after-effects will clear up as the tonus of the stomach improves and the 
inflammatory reaction about the pylorus subsides One can never tell, however, whether 
the tonus will return to normal or how much obstruction will persist This is, likewise, 
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true of the acids If ^agotomJ keeps the acids from rising again, we have no fear of 
further trouble from this souicc We aie inclined to think that the acids will remain low 
so long as the motilitj does not become cxcessnc 

Unquestionabh , the risk of vagotomy is much less than that of resection It seems, 
niorco\er, that \\e will be able to gi\e patients better stomach function with less danger 
of nutritional deficiencies Doctor Dragstedt is to be congratulated, upon his introduction 
of the procedure From his own icsults after a period of approximately four years, it is 
an outstanding achic\ement m ulcer treatment from the standpoint of symptomatic relief, 
as well as of simplicitj and safet\ 

Dr R Arnoiu Griswold, I ouismIIc, K 3 My experience with resection of the 
\agus nerves has been limited to not quite 30 cases The results have been very favorable 
— so much so, that I am afraid there is danger of us all becoming overenthusiastic, and 
de\ eloping tlie tendency to cut the vagi foi c\ erj “bellyache ” In all my cases of ulcer, 
there has been healing of the ulcer and dramatic relief of pain In only one case has a 
drainage operation (gastro-enterostomy) been necessary after vagotomy In five of the 
other cases pjloric obstruction was recognized prior to vagotomy and a complementary 
diainage operation performed 

I do not think the approach makes a great deal of difference Transthoracic approach 
IS easier for me and, I feel, easier on the patient than the transabdominal approach A 
good deal depends on whether the surgeon has an anesthetist w’ho is familiar with 
thoracic surgerj 

Of course, in all cases of questionable diagnosis, the approach should be transab- 
dominal I do not beliCNC the operation should be undertaken on any gastric ulcers In 
one of mj cases, performed transabdommally, my gross diagnosis was benign gastric 
ulcer Later, the patient died of a lymphosarcoma of the stomach Another case, with 
which I am familiar, was explored by a competent surgeon, and a frozen section was 
taken, with the report of benign ulcer Vagotomy was done and when the permanent sec- 
tions came through, the diagnosis of carcinoma made resection imperative Doctor Allen 
has brought out tlie number of gastric carcinomas which may be overlooked, even at the 
operating table, so tliat until w'e have better means of making the diagnosis of carcinoma, 
vagotomy should be reserved for duodenal or gastrojejunal ulcers 

SLIDE I This slide show's the average 12-hour night secretions before and after 
vagotomy on 17 patients — a total of 53 tests Before vagotomy, the average 12-hour 
volume of gastric secretion was 1,300 cc , with free acidity of 45 degrees After vagotomy, 
an average volume of 270 cc with free acidity of one degree was observed 

SLIDE II This roentgenogram indicates the result of vagotomy following an 
improperly performed gastro-enterostomy This patient had a gastrojejunal ulcer result- 
ing from a gastro-enterostomy, performed elsewhere, several years ago In addition, 
there was complete pyloric obstruction As you see, the gastro-enterostomy is far to the 
left on the great curvature Following vagotomy, the atomcity of the stomach caused the 
tremendous dilatation of the antrum, which you see This was accompanied by marked 
stasis, fermentation and putrefaction of retained food in the stomach He has since 
obtained complete relief following a Finney pyloroplasty For this reason, whenever a 
drainage operation is necessary because of pyloric obstruction, it should be either a 
pyloroplasty or a gastro-enterostomy as near the pylorus as feasible 

Dr Edwin P Lehman, Charlottesville, Va At the University of Virginia Hospital 
a single recent experience suggests a use for vagotomy which has not been discussed 
this morning namely, vagotomy for the relief of pain associated with gastric or other 
intra-abdominal cancer At transthoracic exploration for a supposed chronic perforation 
of a gastric ulcer, a huge mass was encountered which was thought to be inflammatory 
While awaiting the result of a frozen section taken from the edge of an ulcer, vagotomy 
was done When the report of cancer was obtained, the diaphragm and chest were 

IS 



WALTERS, BRADLEY, NEIBLING, SMALL AND WILSON 

closed, since the lesion was inoperable The patient had had persistent severe abdominal 
pain preceding operation Following operation the pain disappeared completely The 
vagotomv was performed by Dr Edward Y Siegel, Resident Surgeon, under the direc- 
tion of Dr William R Sandusky, of the Visiting Staff 

This experience, also, may have a fundamental bearing on the relief of pain following 
benign ulcer of the duodenum In future exploiations, in which inoperable gastric cancer 
IS encountered, we intend to carry it out, if possible, as a routine measure, and suggest 
that others do the same 

Dr Frank H Lahe\, Boston, Mass This is a situation which is now very similar 
to many we haae been through before We all know them — gastro-enterostomy, total 
tliyroidectomy, bone plates, total colectomy, and any number of other problems We have 
to remember, in relation to gastro-enterostomy alone, the enthusiasm with which it was 
supported, and the arguments over the percentage of complications We have to remem- 
ber that It took 20 years to truly assess the position of this operation, which made many 
of us reverse our position from that taken earlier m our experience 

This IS not a condemnation of vagotomy, but is merely to warn against the over- 
enthusiasm, with which we frequently are likely to promote something in which we are 
deeply interested Recall some of the consequences of this overenthusiasm for total 
thyroidectomy, and how completely without value it was 

Vagotomy is, however, not at all like total thyroidectomy It really accomplishes 
something which is very desirable, particularly in patients with duodenal ulcer It 
diminishes acidity, it diminishes hypersecretion, and it diminishes motility Because the 
operation is still an unseasoned one, but because we have such a large number of patients 
with ulcers with which to deal, it is necessary for us to take a position on it, which 
is as follows We would, if possible, like to limit vagotomy in patients with duodenal 
ulcers to those patients m whom another operation, such as gastro-enterostomj , will not 
have to be done The reason we would like to limit this operation to this type of case, 
if possible, IS that if many of these patients have both vagotomy and gastro-enterostomy 
it will not be possible to determine to which procedure a good result can be ascribed 
In our opinion, this will serve only to confuse the situation We realize that this will be 
difficult to attain because of the fact that in so many of the patients with very bad 
duodenal ulcers in whom surgery is indicated, some degree of pyloric obstruction will be 
produced when the ulcer heals, and that this will be further augmented by the atony which 
is associated with a vagotomy We would like, because of this, to do all cases of this 
t>pe when possible transthoracically because of the completeness of the removal of the 
various branches of the vagi at this level 

In performing, now, 97 total gastrectomies, we have become very familiar with the 
infradiaphragmatic distribution of the vagi, because it is impossible to undertake total 
gastrectomies without finding the vagi, putting them on the stretch, and severing them 
The thing I do not particularly like about vagotomy, either supradiaphragmatic or 
mi radiaphragmatic, is the number of drainage operations which have to be done with it 
This can be particularly undesirable if at a later period it can be demonstrated that there 
will be a return of high gastric acidity m some of these cases, because we will again be 
having to deal, as we have in the past, with gastro-enterostomy, with a considerable 
number of gastrojejunal ulcers and gastrojejunocolic fistulae 

We would, particularly, not like to undertake this operation upon patients with 
gastric ulcers I have personally taken a position with regard to gastric ulcers which is 
contrary to the one I have maintained in the past, that is, that all gastric ulcers should 
be removed I wish to take this position because of the danger of malignant change m 
some of them, and because of the fact that it is impossible for anyone, except the 
pathologist, in some of these borderline cases, to tell whether or not malignancy is 
present in the ulcer Some of these patients upon whom subtotal gastrectomy for gastric 
ulcers under these circumstances would be done, would undoubtedly get well on medical 
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treatment alone, but bincc, as already stated, pathologists cannot sepaiate the malignant 
from the benign ulcer, since the five-year nonrecui rence figures in cancer of the stomach 
aie as bad as they are and, since, in addition, the mortality of subtotal gastrectomy foi 
gastric ulcer in inexperienced hands has largely been abolished, I think that neither 
vagotomy nor medical treatment should be applied in patients with gastric ulcer I am 
bound to saj, however, that oui Gastro-entei ologic Department does not entirely agree 
with me in regard to loo per cent surgical treatment of these lesions I feel sine they 
agree with me, however, that vagotomy should not be applied to patients with gastric ulcer 

It IS very nice to have another operation of this type which can be applied to the 
patient with duodenal ulcer, but it is wrong to assume that this is the complete answer 
to the problem Oui position regarding it, theiefore, is that if we have a patient who 
has had a subtotal gastrectomy and he, or she, then has a jejunal ulcer, since this is 
such a complicated operative procedure at this stage and since this stomach will drain 
well anyway, w^e will unhesitatingly apply transthoracic vagotomy to this type of patient 
We know that some of our patients with subtotal gastrectomy for ulcer do have gastro- 
jejunal ulcers, probably about 5 per cent We know, in addition, that some of our 
patients operated upon for duodenal ulcer who have had high subtotal gastrectomies bleed 
after the subtotal gastrectomy We have, theiefore, combined infradiaphragmatic 
vagotomies witli our subtotal gasti ectomies with the hope that this will diminish the 
number of jejunal ulcers and bleeding after adequate subtotal gastrectomies for duo- 
denal ulcers 

We must keep oui minds open on this subject It is fine that University Clinics can 
undertake them, but for us, who have to deal with private patients, many of them in 
the charity group, but who still take the position that they do represent private patients, 
it IS necessary for us to take a middle-of-the-road position, having in mmd always the 
uncertainty at a later date of the results of these vagotomies and the associated gasti o- 
enterostomies which have to be done with them We are quite willing to limit our experi- 
ences with this operation to the above group until it has been employed m a larger num- 
ber of cases, over a greater number of years 

Dr Waltman Walters, Rochester, Minn (closing) I should like to thank the 
gentlemen who discussed my paper I agree with them, heartily, that gastric resection 
(partial gastrectomy) is the best surgical method of treating chronic gastric ulcer I am 
particularly happy to have Doctor Lahey say that he is of the same opinion For 20 
>ears we have advocated the practice of resection of the stomach in treatment of chiomc 
gastric ulcer and have carried out such practice in approximately 60 per cent of such 
cases seen at the Mayo Clinic In contrast, the incidence of surgical treatment of duo- 
denal ulcers has decreased to about 12 per cent of those found in the clinic When one 
operates in only I2 per cent of cases he is operating, then, only on patients with compli- 
cated duodenal ulcers, such as those that are causing bleeding, perforation, obstruction or 
impending obstruction Therefore, since in the latter conditions operation upon the 
stomach to provide for drainage will be required sometimes, it is much better to provide 
for such drainage at the time of gastric neurectomy than to perform a secondary oper- 
ation a few weeks, or months, later 

I do not agree that gastro-enterostomy is an obsolete operation Some of the best 
results I have seen m the treatment of duodenal ulcer are in cases in which gastro- 
enterostomy has been performed, and jejunal ulcers have not developed In cases in 
which the type of operation was properly chosen and properly performed we have not 
seen recurrences in more than 4 per cent As a matter of fact, Hans Lorenz, of Vienna, 
who first advocated use of gastric resection routinely m treatment of duodenal ulcer^ 
told me that in his own experience he had never seen recurrences of duodenal ulcer in 
more than 10 per cent of cases after gastro-enterostomy had been performed in a proper 
manner These operations had been performed on central Europeans whose nutritional 
state from 1918 to 1930 had been rather poor 
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I should like to concentrate attention on the teiminology we should all adhere to 
The term “vagotomy” is not descriptive of the operation m which a section of the vagus 
nerve is removed I think a better term would be either “gastric neurectomy” or “vagus 
nerve resection ” Although I think it makes little difference whether the approach is 
made above or below the diaphragm in isolation of the vagus nerves, I prefer the subdia- 
phragmatic approach because it permits exploration of the lesion and abdominal contents 
In all but one of my cases the approach has been from below the diaphragm The findings 
m anatomic dissections seem to indicate that the operation can be done just as well from 
below the diaphragm as from above in at least 92 per cent of cases In the 8 per cent of 
cases m which there are not discrete nerve trunks but multiple branching nerves, I think 
the best approach might be from above the diaphragm 

We should concentrate our thought on cases in which gastric neurectomy, not asso- 
ciated with other surgical procedures, has been performed in order that we may get 
the data required for adequate study and evaluation of the procedure 
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CARCINOMA OF THE COLON^ 

EFFECT OF RECENT ADVANCES ON THE SURGICAL MANAGEMENT 

Arthur W. Allen, M D., Claude E Welch, M D , 

AND Gordon A Donaldson, M D. 

Bostoit, Massachusetts 

In three previous reports/ ^ we have discussed the management of 
cancer of the large intestine These have reviewed our personal experience 
in this field of suigeiy and outlined the methods of preparation and opera- 
tion that seemed, at the time, to offer the best chance for a favorable outcome 
It IS now our intention to present the data on 105 additional patients observed 
and treated since January i, 1943 With advances in the preparation of 
patients for operation, better anesthesia, changes in surgical technic, and 
more physiologic after-care and experience, there has come about a naturally- 
expected improvement in immediate results It is not our intention to discuss, 
in this communication, carcinoma of the rectum that because of location and 
extent has required combined abdomino-permeal operations We will, how- 
ever, include all cases which have been operated upon by the abdominal 
approach only, in spite of the fact that some of these with pelvic anastomosis 
would have been subjected to a combined procedure in oui earlier reports 
Actually, some of these high rectal, rectosigmoid, and low sigmoid lesions 
will be considered m this paper m one group and only those needing complete 
extirpation of the rectum excluded 

We have been disturbed by the trend of the times, indicating a great 
revival of interest in operations upon the rectum that include preservation of 
the anal sphincter^ This tendency is growing, and is the natural result of 
two mam factors One is the work of Gilchrist and David,® and that of 
Coller, et al^ Both groups having demonstrated that the initial spread of 
disease from the rectum and low colon is cephalward It may be possible 
that when the spread of disease ceases to be in a cephalward direction that 
cure IS unlikely That we may safely have a shorter distal segment of normal 
tissue 'than is necessary on the proximal side is now accepted by all, since 
the lymphatic spread is so intimately associated with the blood supply to the 
region It is obvious that surgeons, who have had considerable experience 
in this field, may well select their cases properly from the standpoint of the 
type of operation suitable^ or justifiable, under given circumstances 

The second influence is the advancement in operative technic, prepara- 
tion, and after-care This leads to immediately-successful, though difficult 
procedures However, one should emphasize the importance of cure rather 
than the relatively unimportant preservation of the sphincter Our only 

Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va, December 12, 1946 
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reason for bringing it into this discussion at all is to warn the enthusiastic, 
skillful, young surgeon that time will be needed to evaluate some of these 
procedures We do know that local lecunences take place and that some 
of these might have been pi evented if a complete operation had been 
undertaken Also, it must be borne in mind that permanent colostomy is not 
incompatible with comfort and a normal life The opeiation of Miles has 
become so standardized that, now, the iisk is incredibly low In lOO con- 
secutive patients admitted to the wards of the Massachusetts General Hos- 
pital with cancer of the rectum, 72 weie lesectahle and, of these, only two 


CARCINOMA OF THE COLON 


PERCENT OF I STAGE RESECTIONS BY YEARS 



RIGHT COLON 

LEFT COLON 

RECTOSIGMOID 

ALL CASES 


failed to survive Inasmuch as most of these operations were done by the 
resident staff, this mortality rate of less than 3 per cent is all the more 
striking At this time, it seems obvious to us that the safety of this proce- 
dure with its applicability to contact spread of the disease should be taken 
into consideration in the selection of operation 

In the General Hospital, we^ found that the ratio of admissions with car- 
cinoma of the rectum to carcinoma of the colon was 2 to i This is not a 
true picture of the problem in our community, or according to vital statistics 
m the country at large It appears that during the past three years, at least, 
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we have received into the private wards a leverse of this ratio Pei haps, 
this may be influenced to some extent by a greater number of low anas- 
tomoses but, on the whole, may reflect somewhat on the type of the referring 
physician and the circumstances of the patient A few years ago, it was 
apparent that more surgeons in this locality felt themselves competent to 
cope with caicinomas of the colon than with those requiimg a combined 
operation It seems obvious that this situation would, m time, change Now, 
many of our patients with advanced disease of the colon and rectum have 
been explored and then referred to us if the extent of the process appeared 
forimdable and the problem complex Doubtless the fatalistic attitude con- 
cerning cancer of the bowel, foimerly held by the layman, and too often 


CARCINOMA OF THE COLON 
PERCENT OF OPEN ANASTOMOSES BY YEARS 



accepted by the physician, is changing to a more hopeful outlook It is dis- 
couraging, however, to find little evidence that much has been accomplished 
regarding earlier diagnosis The average duration of symptoms in the group 
of carcinomas of the rectum referred to above \\ as seven months 

RESECTABILITY 

In our last leport,^ we favoied the term resectability to that of operability 
Inasmuch, as many of these lesions require the removal of adjoining structures 
wuth widespread local extensions or even liver metastasis where cure is im- 
possible, it seems now that such an attitude is even more justifiable The 
more advanced the lesion, the poorer the opeiative risk On the other hand, 
It IS incredible that the extent of some of these resections, including many 
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contact organs, is compatible with immediate success Occasionally the 
respite is a short one but frequently it is of years duration The physical 
and mental comfort to the patient is definitely worth the effort expended 
Palliative procedures that fail to remove the primary lesion are much less 
satisfactory, although we question the effect on regression of metastatic 
disease by removal of the primary focus 

In our previously reported series, the resectability rate was 91 per cent 
In the present group, it was 95 per cent This indicates that perhaps we 
have been fortunate m the effect of earlier diagnosis to some extent in our 
community However, the large number of cases with extensive disease is 
discouraging We do not believe that we have included a greater number of 
resections of adjacent contact structures in this group than in the former 

MORBIDITY 

The period of invalidism following colon resections is dependent on many 
factors In spite of the often two-stage attack that is necessary in the presence 
of acute obstruction, the final resection followed by primary anastomosis has 
been more satisfactory m our hands than exteriorization procedures Al- 
though advocates of Mikulicz’s type of operation with their increased experi- 
ence have met the situation with a reasonable mortality rate, the actual 
number of hospital days has usually been increased It is interesting that 
frequent reports are now appearing, suggesting a more widespread adoption 
of primary anastomosis 

Previously, we have felt that proximal decompression, either before or 
at the time of primary anastomosis, was an additional safeguard to the patient 
Since the introduction of the Miller-Abbott tube and the use of sulfasuxidine 
and sulfathahdine in the preparation of patients for colon resections, fewer 
have needed cecostomy We still use it in acute complete obstiuction and, on 
occasion, supplement this procedure with complete transverse colostomy 
This latter type of decompression is particularly adaptable to extensive in- 
flammatory reaction about the initial lesion Although rarely necessary in 
preparation of patients with cancer of the left colon, it is justifiable in doubt- 
ful cases and is essential m diverticulitis with obstruction or abscess formation 
When staged procedures of any kind are done, the convalescent period 
must include all the necessary hospital days whethei or not there is an interim 
at home before the final closure of the temporary decompression Tube 
cecostomies, such as we use, heal spontaneously m most instances We feel, 
however, that complete colostomies are best handled by final excision of all 
scar tissue and an accurate end-to-end anastomosis with the bowel dropped 
free into the peritoneal cavity Closure of colostomies within the abdominal 
wall has not been popular m our clinic, even if successful, the patient often 
complains of discomfort where the bowel is fixed m the abdominal wall This 
IS particularly true of the transverse colostomy most often used by us It 
IS of interest that exact anastomosis of the transverse colon, replaced within 
the peritoneal cavity, has not resulted fatally m any case m our hands 
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MORTALITY 

Deaths following operations upon the colon that occur in the hospital 
have been talcen as the basis for determining the opeiatne moitahty Inas- 
much as man) of these patients aie aged and depleted fiom other diseases, 
theie Mill of necessity be deaths from causes uni elated to the operative 
piocedines These however must be included, since few of these patients 
ha\e nothing else the mattei with them and, if urn elated deaths weie excluded, 
theie vould be no sound basis on vhich to determine oiii immediate results 
With the increasing ad\ances in our knowledge concerning the physiologic 
principles upon which life depends, there has been a steady deciease in 
operative moitahty The added benefits of chemotherapy have doubtless 
pla)ed a role, but we believe too much credit has gone m this direction 
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1925-1942 

143 

91 

17 5 

1943-1946 

105 

95 

2 0 
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ISIS-IPIO No of Cases Deaths 

. 87 0 

13 2 

5 2 


105 4 


Carefully conti oiled anesthesia, blood replacement, and better technical sur- 
gery, have really been the chief leasons for better results in our opinion. It 
is incredible how much surgery these depleted, aged patients with numerous 
complications will stand if properly supported 

In our previous series of resectable lesions, the over-all mortality rate 
was 17 5 per cent In the present group of loo patients two failed to survive 
a resection, a mortality rate of two per cent Divided into groups of those 
with right and proximal tiansverse caicinomas one died, and of the left colon 
lesions two died Two of the five nonresectable lesions, both in the left colon, 
failed to survive During this interim 38 additional patients were subjected 
to abdommo-penneal lesections foi cancer, vith one death An additional 
37 colectomies were performed for inflammatory processes, with two deaths 
The improvement in results lead us to ceitain deductions relative to the 
preparation of the patient, the type of anesthesia, details of the operative 
procedure, and the after-care Various modifications of routine measures 
V ere necessary according to the situation found 
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PRELIMINARY PROCEDURES 

In tlie presence of acute obstruction, one has little time to improve the 
patient’s condition until tins feature has been overcome In cancer of the 
right colon, obstruction usually comes as a late manifestation, and more often 
lepiesents an inoperable situation These are, however frequently associated 
M ith an incompetent ileocecal valve and, in a few instances, with intussuscep- 
tion in an otheiwise easily resected tumor Decompression by the Miller- 
Abbott or Harris tube is often effective enough under these ciicumstances 
to allow an early attack on the site of involvement When the plain film of 
the abdomen reveals dilated coils of small intestine, one may leasonably expect 
the long tube to pioduce adequate piehminary drainage If this fails, or if the 
distention is not proximal to the cecum, then an early ileotransverse colos- 
tomy IS indicated This, we believe, is best done in continuity and, since the 
bowel cannot be previously prepaied, should be accomplished by an aseptic 
technic It is important to select as points foi the anastomosis, the ileum 12, 01 
more, inches pioximal to the ileocecal valve and the midtransverse colon 

When the obstructed segment is in the left half of the colon, we believe 
that the safest and most effective immediate relief comes with a large tube 
cecostomy Frequently such a procedure must be done as an emergency, 
since the cecum becomes avascular from prolonged distention and ruptures 
through a gangrenous spot, producing a fatal peritonitis A suction tiochai 
IS effective in leleasing enough gas and liquid contents to allow the semi- 
collapsed cecum to be exteriorized sufficiently foi completion of the cecostomy 
uithout peritoneal contamination 

Raiely does one find the patient’s condition suitable for an attack on the 
primal y lesion in the presence of complete obstruction We have occasionally 
accomplished complete tiansverse colostomy when this segment was not too 
distended and when the diagnosis between cancer and diverticulitis was not 
clear Exteriorization pioceduies in the piesence of complete acute obstruc- 
tion are to be condemned The patient is not in condition to withstand the 
necessaiy dissection for an adequate cancer opeiation under these cir- 
cumstances 

Explorations of the abdomen in the piesence of acute large bowel obstiuc- 
tion aie dangerous Manipulation of the obstiucted lesion will often result 
in fatal pentonitis It should be emphasized that if a decompression is decided 
upon at exploration, it should be accomplished as far from the field of final 
attack as possible Too many cecostomies have been established in the 
midlme or even in the left side of the abdomen 

On admission a patient u ith suspected cancel of the colon should have the 
following studies in addition to a careful physical examination and history 
A plain film of the abdomen wnll often reveal the approximate site of the 
lesion by the gas-pattern This is particulaily true wdien obstruction of any 
degree is piesent If this fails to give a lead, one should then pioceed wuth a 
caiefnl sigmoidoscopy Failing to visualize the lesion, baiium enema must be 
resorted to, with complete undei standing of the pioblem by the Roentgenol- 
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ogist The ease %\ith which bat mm may flow from below^ through an obstiuc- 
tive area often tempts the examiner to fill the entire colon On occasion, this 
complicates the situation to change the entire problem fiom one of simjihcit) 
to one of considerable haraid It is tine that the valve-hke action neai the 
growth ma} allow coinparatnch complete cNacuation in the noimal dncclion 
with absolute occlusion to the flow of barium fioin below When such is the 
case, we get the least haim and the grcate‘st aid fioin this type of examination 
The patients anemia and electrohte balance aie evaluated and piopei 
therap} is instituted to coriect them We ha\e not been enthusiastic about 
catharsis in the preparation of the bowel foi surgerv Although occasional!) 
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this works well, it more often fails in its accomplishment, and causes the 
patient a good deal of distress Perfoiation and peiitonitis may lesult fiom 
vigoious catharsis and enemata Some individuals do well on small doses of 
mineral oil, particularly while waiting for admission to the hospital 

Since sulfasuxidine became available, we have been impiessed by the 
value of this drug in its liquefying effect on the fecal contents of the bow el 
and we used this method of preparation until sulfathalidine was brought out 
for experimental trial This latter drug is superior to sulfasuxidine because 
the remaining bowel contents stay in a semisolid state This holds bacteria in 
a mass that is more easily controlled than is possible wdieii the feces are 
liquid We believe that sulfathalidine is as effective in the prepaiation of the 
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bowel for surgery as is sulfasuxidine Also, we have not noted the occasional 
bleeding from the growth when this drug was used that we had observed when 
sulfasuxidine was in use The recent finding of Poth, et al/ that sulfathalidme 
and penicillin were antagonistic must be borne in mind The experimental 
evidence of Young and Cole® with the use of sulfathalidme and sulfasuxidine 
intraperitoneally is intriguing, and may be of value if further experience sub- 
stantiates these views 

During the five to seven days required for suitable bowel preparation, the 
patient can be put into better condition to withstand surgery It has not always 
been possible for us to completely correct the serum protein level by the 
methods at our disposal This difficulty has usually been noted in those 
patients having secondary small bowel involvement This is particularly true 
if fistula formation between the attached small intestine and the colon exists 
but may present a problem when partial obstruction of the small bowel is a 
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Total 


Days 

Days 

Days 

One-stage operation 

Two-stage operation 

6 S 

18 3 

24 8 

Preliminary cecostomy 

3 4 

29 

32 4 

Prelim iliotrans colostomy 

S 

33 3 

38 3 

Prelim trans colostomy 

7 4 

47 1 

S4 S 


part of the picture It has seemed to us that prolonged attempts to correct the 
deficiency states are often disappointing Improvement beyond a certain point 
IS often impossible and a persistence along these lines may lead to a poorer 
risk rather than a better one The early favorable changes observed following 
the removal of an infected, obstructing lesion are spectacular Such aids as 
blood, plasma, and amigen appear more effective postoperatively, although the 
patient’s ability to utilize an unobstructed gastro-intestinal tract is probably 
the chief reason for this impression 

The choice of anesthesia should depend on the circumstances and experi- 
ence of the surgeon and his anesthesia department We prefer continuous drip 
procaine spinal anesthesia supplemented often with small amounts of pentothal 
sodium ® Since the adaptation of this method, we have observed little evidence 
of pulmonary complications It must be admitted that chemotherapeutic 
agents, used primarily to prevent sepsis in the surgical areas, might well sec- 
ondarily influence the incidence of pulmonary and bladder infections 

Incisions have varied to some extent depending on previous bowel drain- 
age and the location of the tumor In primary right colectomy, we have usually 
found a long right paramedian incision more satisfactory since this allows ade- 
quate exposure of the vascular source and nodal spread Transverse incisions 
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are preferied for the flexuies and the lesions involving the inidcolon The 
left colon exposiues have been paiamedian in cases where peimanent colostomy 
might pi o\ e necessai \ Oblique incisions with mesial retraction of the rectus 
muscle have been satisfactoiy foi low sigmoid tumors suitable for end-to-end 
primary anastomosis We have practiced delayed piimary wound closure, as 
advocated by Collet and Valk^® with a minimal of uound infection Wounds 
have been closed m la}ers with No 30 inteiiupted cotton and stay-sutures of 
heavy cotton for the skin and fat Dehiscence has nevci been a seiious prob- 
lem, occuinng only once in our cxpciience, and this one w'as in a wmund 
containing an end-colostomy 

Resection of the involved bowel and mesentery has been w'lde on the 
cephalwaid side in all instances In left colon lesions, the distal segment has 
been adequate to include any extension of disease into the surrounding tissues 
We have found that dividing the bowel between thin clamps m the proximal 
portion early in the procedure is of great advantage This makes the 
remainder of the dissection easier because of better exposure Instead of 
isolating named blood vessels to insure viability, w'C have removed the disease 
and then determined by visualisation that the blood supply of the ends to be 
anastomosed was adequate Contact structures aie lemoved wuth the primary 
tumor 01 bloc These have included all the nonvital organs, or parts of them, 
within the abdomen and pelvis 

Although we championed aseptic anastomosis by a modification of the 
Parker-Kerr technic in our earlier publications, w^e have more recently used 
the open method in all operations of election Also, we have abandoned the 
two row's of fine catgut previously advocated The reasons for our changes in 
technic have been based on the followung factors The aseptic methods of 
anastomosis, previously satisfactory m our hands, lequire considerable experi- 
ence and a strict attention to detail Since w'e w'ere lesponsible for the teach- 
ing, by precept and example, of many resident and graduate students, it 
became obvious that some of them W'ould have to learn the pitfalls of the 
method by their owm experience In addition to this, w'e had great difficulty 
in carrying out a strictly aseptic technic in some of the low anastomoses We 
w'ere further supported by the improvement in bowel pieparation brought 
about by sulfasuxidme and sulfathalidine By the careful avoidance of gross 
contamination and the discarding of instruments, drapes, and gloves used in 
the anastomosis, our results have been as good by this method as they w'ere 
with the aseptic technic 

We now use an outer row of inteiiupted sutures of No 30 cotton They 
are placed posteriorly before the clamp is removed from the proximal segment, 
in all cases, and from the distal segment except when the rectum itself is to be 
used We feel that even a thin-bladed clamp damages the nonperitoneahzed 
rectum too much to warrant its use in that location We vary the type of 
suture used to considerable extent Transverse mattress sutures are always 
used across the white lines of the bowel because of the failure of the Lembert 
suture to hold on these longitudinal fibers The Halstead mattiess suture has 
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only the advantage of fewer knots, and for this reason may be the choice 
except nhen location makes accurate placement difficult to achieve An inner 
mucosal approximation is accomplished by very fine chromic catgut on an 
atraumatic needle An over-and-ovei stitch or a locked vanet) is used pos- 
teriorly while the anterior margin is approximated by the Connell method 
This technic of an outer ron of nonabsorbable interrupted sutuies has the 
advantage of no permanent constriction of the bowel at the point of union A 
distended segment can be joined to a collapsed portion by the simple expedi- 
ency of wider bites on the larger bow'el We have not found much advantage 
in oblique section of the colon ends, although this is helpful wdien dealing with 
the small intestine 

The rent in the mesenteiy is carefully closed on both sides wdien the anasto- 
mosis is completely wnthin the peritoneal cavity If a pelvic dissection has been 
necessar} , we leave the lateral margin between the bow el and pelvic peritoneum 
open This obviates the necessity of draining this region, as formerly ptac- 
ticed, through the ischial fossa Fistula fonnation wnth resultant stenosis of 
the suture line is thereby avoided Collections of serum m the hollow of the 
sacrum may burst into the peritoneal cavity w'lth a tiansient intrapentoneal 
reaction As a rule, however, seepage fiom this space is gradual and is ade- 
quately handled by the peritoneal cavity We have had only one fatality m low' 
anastomoses This was undertaken in an elderly man, with an extensive 
grow’th and liver metastases On the r8th postopeiative day, an enema was 
given by erroi Immediate signs of peritonitis resulted m death five days later 
from fulminating gas bacillus infection thioughout the abdomen At post- 
mortem, the suture line was intact but an abscess m the hollow of the sacrum 
had ruptured, to produce the sequela described above We doubt that concomi- 
tant drainage of the pelvis at the time of the original procedure would have 
brought about a happier result This opinion is based on our earlier experience 
with this region when drainage through the ischial fossa w'as the rule 

We have given up local use of sulfonamides either into the peritoneal 
cavity or w itliin the wound It may be that the use of sulfasuxidme or sulfa- 
thalidme, as suggested by Young and Cole,® may prove of benefit wdien gross 
contamination by fecal matter has occui red These investigators find that the 
above drugs are very lapidly absoibed fiom the peritoneal cavity, w'lth little 
evidence of intestinal adhesions in their experimental animals Sometimes 
we have used penicillin intrapeiitoneally, but are not convinced of its better 
effect VI hen so administered If there is no contiaindication to sulfonamides, 
w e use sulfadiazine intravenously during and immediately following the oper- 
ation Penicillin is substituted for sulfadiazine if the latter may appear to be 
hazardous Streptomycin has been used occasionally 

All patients are given enough whole blood to replace that lost during the 
operation Further transfusions are given if the blood and protein level of the 
serum have not been brought within normal range before operation 

Preliminary cecostomy or colostomy aie used only in the presence of 
complete obstruction Concomitant cecostomy has been abandoned In 
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patients with left colon lesions admitted wntli acute obstiuction, a large tube 
cecostoni) is done as an emeigency procedine by a method previously pub- 
hslied b} iis^- Recentl} . Millet,^' in oui clinic, has devised an ingenious 
method of cleansing the colon Ihiough a pieviousl3'^-placed cecostoni) He 
inserts a Millci -Abbott tube thiough a lent in the anteiioi suiface of the 
iiibbci arm, leading fioiii the iight-angle glass tube used to pi event kinking 
in the abdominal wall Complete flushing of the colon is theieby obtained Salt 
solution IS intioduced thiough one lumen and lemoved by suction thiough 
the other Suspensions of sulfatbalidmc can be substituted foi saline solution 
aftei the cleansing piocess has become well-established Inasmuch as the end 
of the Miller-Abbott tube leaches the point of obstiuction by penstalsis, it is 
\ei) effective even if the colon has madveitently been filled wnth baiium by 
an o\ er-enthusiastic Roentgenologist Millet’s method appears, at this time, 
to be so simple and tlioiougli that piehmmai) tiansverse colostomy may be 
raiely needed in the futuie It is of impoitance howexei that the prehminar) 
cecostom) be made m a mannei suitable for the intiodnction of the double- 
lumen tube thiough it 

Patients are kept mobih/ed if possible until the day of opeiation Some of 
them can practice eail) postopeiatue ambulation The majoiit) of this gioup 
of cases, howevei. aie not candidates for eaily rising in its tine sense of the 
wmrd In suitable patients, we used dicoumarol postoperatively to prevent 
venous thrombosis Mam of them, on the other hand, are aitenosclerotic oi 
have other contraindications to the anticoagulant drugs In these, w^e piactice 
prophylactic superficial femoral vein interiuption If the lesion is w'ell above 
the pelvic floor, this procedure can be done befoie, or at the time of, the bowel 
resection If, how^eier, pehic dissection is necessaiy, then the vein inteiiup- 
tion should be postponed for 48 houis after operation There is a tiansient 
engorgement of the pelvic ^ eins immediately follow mg f emoi al vein interrup- 
tion that definitely increases the blood loss during the pelvic dissection Since 
prophylactic vein interruption has been earned out m 45S eldeily patients in 
our hospital without harm, we believe it is a reasonable safeguard against 
thrombophlebitis and pulmonary embolism 

The average hospital stay in this senes of cases w'as 32 4 days The avei- 
age number of days preoperatn ely w^as six days Theie w'ere 26 cases requii- 
mg preliminary bow'el drainage or some twm-stage pioceduies These averaged 
399 days in the hospital, while those lequinng no second stage aveiaged 24 8 
days The lack of proper home facilities 01 the distance necessaiy to tiavel 
influenced to some extent the duration of hospital stay 
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Discussion — ^Dr Warren H Cole, Chicago, Id These figures of Doctor Aden’s 
revealing no deaths following resection in 87 cases of curable carcinoma of the colon 
are excellent, but I am afraid that anyone who has had such a large series without a 
death will have one, even though it is due to something as unexpected as plaster falling 
from the ceiling upon a patient I am glad he has emphasized the advisabilitj of a two- 
stage resection in a large percentage of patients with carcinoma on the left side (where 
obstiuction is so common), because the tendency to switch toward a one-stage resection 
IS bound to go too far, and we will lose patients who should have had a two-stage oper- 
ation I make this statement largely because I work m a charity hospital where the 
gieat majority of our patients with carcinoma of the left colon have at least a partial 
obstruction, many have complete obstruction It is not safe to consider a one-stage 
procedure m that group 

I was glad to hear Doctor Aden say he was doing most of his cases with open 
technic I am firmly convinced that this is safe, particularly with the use of sulfasuxidme 
01 sulfathaladine by mouth preceding operation I do not know what he thinks about 
these drugs, but I personally feel they have great merit and will help us obtain a 
smoother convalescence, and a lower mortality rate 


Dr Arthur W Allen, Boston, Mass I would like Doctor Cole to answer one 
question He has advocated intraperitoneal use of sulfasuxidme and sulfathalidine, and 
I should like to know how he feels about it at this time 

Dr, Warren H Cole, Chicago, 111 I did not mention intraperitoneal use of sulfa- 
suxidine and sulfathaladine because streptomycin may hai e made that procedure obsolete 
We used one of these drugs (6 Gm mtraperitoneally) m every case of colon resection 
until streptomycin became available I was convinced that it helped in lowering compli- 
cations When placed m the peritoneal cavity either of these drugs is absorbed rapidly 
but It IS not absorbed from the wound , their use must be limited to the peritoneal cavity 
Absorption is not quite so rapid as with sulfanilamide, but much more rapid than with 
sulfathiazole or sulfadiazine, these drugs produce no adhesive reaction, as is occasionally 
noted with the latter two drugs Since sulfasuxidme and sulfathaladine are so effective 
in limiting the growth of B colt in the lumen of the large bowel, it appears logical to 
expect a similar action in the peritoneal cavity when large bowel contamination has 
taken place 
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The recognition of a definite syndiome associated with disease of the 
biliar} tract, paiticulaily calculi, extends back hundieds of yeais Aggiessive 
treatment of this sjndiome, ho^^evel, is hardly 75 ycais old Surgical atten- 
tion was first directed at the removal of stones from the gallbladder, with the 
operation of cholec} stostomy This was follow^ed shoitly afterw'aid by extir- 
pation of the gallbladder, and m a relatively shoit peiiod of time both of these 
procedures w^ere being pei formed wnth sufficient safety to w'arrant their 
inclusion m the armamentaiium of the surgeons 

As cholecystostoiu} and cholecystectomy became moie fiequentl) pei- 
formed, it was possible to evaluate the efficac}' of each, and this was done 
by frequent leports of laige series of cases studied statistically This 
was an expensive method, ^et proved to be an effective one Fairly early, it 
became ob\ lous that the results obtained m simple drainage of the gallbladdei 
in patients wnth chionic cholec) stitis weie not neaily so satisfactory as those 
that followed cholecystectomy This lattei opeiation, therefoie, has, during 
the years, become the pi ocedure of choice, and one seldom encounters anyone 
advocating cholecystostoni}^ except m the occasional case of acute involvement 
of the gallbladder wdiere the surgeon thinks that cholecystectomy at that time 
w'ould be too formidable a procedure for the patient It also became possible 
to prognosticate, wnth a consideiable degree of suiety, the paiticulai patient 
who w^ould be relieved of his distress following cholecystectomy While there 
have been many contributions on this phase of the subject, the papers of 
Judd,^ Whipple,^ Mueller,^ Fmsteier,^ Elman,'* and Parsons,® are adequate 
Where stones are present m the gallbladder and where the patient gives a his- 
tory of typical biliary colic on several occasions, and wheie theie is a history 
of nausea, vomiting and dyspepsia, one can usually anticipate a successful 
outcome If to this history is added the physical finding of tenderness in the 
region of the gallbladder and the radiologic finding of nonvisuahzation of the 
gallbladder with cholecystography, or the presence of stones, the surgeon can 
usually anticipate that from 8o to 95 per cent of his patients will be relieved 
of their symptoms following cholecystectomy 

In the stoneless gallbladder, the results have not been so satisfactory With 
the advent of cholecystography and the ability to detect slight functional 
damage m the gallbladder, it was hoped that eaily cholecystectomy, m such 

Read before the 58th Annual Session of the Southern Surgical Association Hot 
Springs, Va, December 12, 1946 ’ 
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individuals, would offer a definite therapeutic advance This has not proved 
to be the case In a study by Giaham and Mackey,' it was shown that where 
typical biliar}' colic was not an important featuie in a patient w'lth a stoneless 
gallbladder, cholecystectomy w'as doomed to failure in as high as 40 per cent 
of the instances In that study, they made the interesting obsenation, which 
has been noted by otheis, that the lelief of the symptoms ot cholecystitis in the 
stoneless gallbladdei was in almost diiect pioportion to the amount of damage 
piesent in the gallbladdei wall The gieatest relief of symptoms w'as obtained 
m those patients in wdiom the gallbladder w'all was thickened by virtue of 
fibrous tissue, edema and cellular infiltration, wdiereas those patients wuth 
1 datively thin, normal looking gallbladdei w'alls w'ere foi the most part 
destined not to be relieved of then symptoms unless stones w ere present The 
failure of the concentrating ability of the gallbladder to function as determined 
by cholecystographic study, therefore, was not m itself an indication foi 
cholecystectomy, and, thus, by mfeience the loss of function of the gallbladder 
w'as probably not the oiigin of the symptoms seen m the classical form of 
cholecystitis / 

While cholecystectomy in the piopeily selected patient is one of the most 
satisfactoiy of abdominal operations, it is performed frequently enough for the 
relatively small percentage of unimproved patients to be a serious clinical 
problem As a result there have been many repoited studies as to why these 
symptoms persist and many suggestions have been offered as to their proper 
care While no attempt will be made to review' all of these reports, it is w ell 
that previous appioaches be considered 

In oui discussion we shall exclude those patients in wdiom other lesions, 
obviously responsible for the postoperative disability, can be demonstrated 
Prominent among such causes are found peptic ulcers, duodenal diverticula 
W'lth ampullaiy obstiuction, diaphragmatic hernia, spinal nerve lesions, and 
the like A ceitain numbei of patients will also show the persistence of stones 
m the common bile duct 01 in the stump of the cystic duct Here the cause of 
the symptoms is obvious Otheis will show traumatic damage to the common 
bile duct, and here, again, the solution to the problem is usually clear After 
such patients have been excluded, there will still remain a considerable group 
m which careful review' of the preoperative history and findings fail to add 
further information As Elman® has pointed out, if some of these patients are 
studied during the period of intense colic for the concentration of amylase m 
their blood, this w'lll often be found elevated A high amylase value w'hich falls 
rapidly to noimal with subsidence of the acute attack is geneially diagnostic 
of an acute episode of interstitial pancreatitis It is important, therefore, that 
such determinations be made preoperatively, if possible, dining the attack of 
so-called biliary colic While this lesion is frequently associated w'lth cholecys- 
titis, it IS w'ell for the surgeon to be w'arned beforehand of the associated 
pancreatic involvement 

Residual biliary tract infection has been suggested as one of the common 
causes for the persistence of symptoms This explanation would seem to be 
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of doubtful value. As has been pointed out, patients with noncalculus chole- 
cystitis and cholangitis is often relativel}^ fice fiom severe pain, and one may 
frequently encounter various types of infectious hepatitis in which there is no 
pain at all, and, indeed, very little dyspepsia 

Distortion, due to adheience of the duodenum oi the pyloric region of the 
stomach to the gallbladdei bed region, has, likewise, been suggested as an 
origin of the difficulties Release of such adhesion, however, larely relieves 
tlie individual In operations upon the common bile duct that has become 
stnctured as a result of previous traumatic injury, one is frequently surprised 
to note the extensive fixation of the duodenum to the hvei and even to the 
anterior abdominal r\all, with relatively few dyspeptic symptoms 

One of the most common explanations refer led to regarding the persistence 
of S} mptoms following cholecystectomy is that of biliary dyskinesia The sub- 
ject has been adequately reviewed by Ivy and Sandbloom® This concept has 
to do chiefly w ith the mechanism of the choledochodiiodenal sphincter and its 
neuromuscular relationship to the remainder of the biliary apparatus and the 
duodenum While a functional spasm of this sphincter had been previously 
suggested by others, the experimental work of WestphaP gave great impetus 
to further observations Westphal, working on guinea-pigs, brought out the 
fact that moderate stimulation of the vagus nerve below^ the diaphragm with 
a weak electrical current would produce contraction of the gallbladder, peris- 
taltic motion in the antral portion of the sphincter of Oddi, and relaxation of 
the papilla He looked upon this as the normal response If the current was 
made slightly stronger, gallbladder contraction became greater, and peristaltic 
movements into the ampulla were also greatly increased When a still stronger 
current w^as used, he noted that wnth the strong contraction of the gallbladder 
there was a spasm of the antral sphincter He also noted that upon stimulation 
of the splanchnic nerve, the gallbladder and the antral portion of the sphincter 
relaxed while the sphincter of the papilla contracted. This he called atonic 
dyskinesia in contradistinction to the previously mentioned tj^pe, wdiich w'as 
hyperkinetic dyskinesia This led him to a rather elaborate classification of 
the operations of this physiologic mechanism, much of wfliich has not been 
confirmed in the human It w^as felt by Ivy and Sandbloom in their report that 
this choledochoduodenal mechanism could contract with sufficient force to 
prevent the evacuation of the contracted gallbladder and that by so doing, the 
resulting back pressure would be adequate to produce pain even in the non- 
inflamed biliary passage Just how important a factor such as dyskinesia 
may be in clinical cholecystitis need not concern us here Following removal 
of the gallbladder there is some question as to whether the role played by the 
sphincter of Oddi and the mechanism of reciprocal innervation is a dominant 
one Weir and Snell^° have suggested that it might be important They have 
pointed out that there may be instances m wduch some abnormality of the sym- 
pathetic or parasympathetic innervation may produce spasm or increase in 
tone of the sphincter of Oddi which could produce sufficient back pressure and 
distention of the common bile duct to cause pain That colicky pain associated 
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With nausea and vomiting can be produced from sudden distention of the com- 
mon bile duct has been demonstiated m the human by Zollinger/^ who placed 
a small balloon in the common bile duct at operation and rapidly inflated it 
The demonstration of a true sphmcteric spasm in the human, however, is not 
too clear-cut Puestow^“ has offered evidence that exactly the opposite occurs 
following cholecystectomy By tiansplanting fragments of the duodenum 
containing the intramural portion of the choledochus and the ampulla of Vater 
to the surface of the abdomen of animals, he made direct observations of bile 
flow, and came to the conclusion that cholecystectomy produced a loss of 
sphincter tonus and a more or less constant flow of bile He explained the 
evidence offered by others of increased pressure \\ithin the common bile duct 
following cholecystectomy as being due to determinations made too soon after 
operation, while edema ^^as still present in the ampullary region In most of 
the clinical and experimental observations that have been made, it is difflciilt 
to exclude the effect of the duodenal musculature It is our observation, on 
unreported experiments, that when the vagus nerve of a dog is stimulated in 
the neck with a stiong electric cm rent, not only is there contraction of the 
gallbladder and the duct musculature but of the duodenal wall as well This 
latter muscle is so much more powerful than the sphmcteric mechanism of 
Oddi that It might very easily offset the effect of any contrary innervations 
that might be present 

Another explanation for postcholecystectomy colic and dyspepsia that has 
been offered relates to the dilatation of the choledochus that is seen so fre- 
quently following cholecystectomy This is an old observation, and yet the 
explanation is not too clear-cut as to w'hy it should occur Some of the 
evidence offered is still controversial Puestow W'as unable to note any con- 
siderable enlargement of the choledochus ivhen it w’as associated with 
untreated cholecystic disease Benson,^^ on the other hand, in necropsy 
studies, found that in mild gallbladder disease without cholecystectomy there 
was a 32 per cent increase in diameter, wdnle m severe gallbladder disease 
this increase was on an average of 64 per cent Practically all observeis 
agree, howwei, that in the majority of instances following cholecystectomy 
for gallbladder disease there is a consideiable increase in diameter of the 
choledochus The most common explanation offered for this observation is 
related to a loss of the water-absorbing mechanism that exists in the gall- 
bladder, resulting m considerable back pressure Another explanation that 
has been advanced is that it is the result of duodenal regurgitation Puestow' 
concludes that following cholecystectomy theie is a permanent dilatation of 
the choledochus, but that there is no satisfactory explanation at the present 
time for this dilatation He feels that it is usually associated wuth a low intra- 
ductal pressure and, therefore, tension wnthm the choledochus is probably not 
responsible for postoperatn^e symptoms The observations of Benson, again, 
are of interest in this respect He studied a number of patients coming to 
necropsy several years after cholecystectomy m order to determine the rela- 
tionship between dilatation of the duct to the postcholecystectomy distress 
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\\heio such diHioss w.is found only 1^4 pci tcnl showed noiinal-cippeaiiiig 
ducts, ^\lnlc 86 pet cent wcmc niaikcdl) dilated Of those patients who had 
no postoperative abdominal s}mptoins, 83 pci cent of the bile ducts were noi- 
mal in diametei, iihile onh 17 pci cent weie maikcdly dilated He feels, 
therefoie, that disticss altei cholecystectomy is closely 1 elated to dilatation 
of the bile duct, and that this lattci phenomenon is due to the loss of the 
absoiptne function of the gallbladdei and to the subsequent use m piessuie 
iMtbm tbe duct s\stem These obsenations con elate iMth the expeiiments 
of Schiager and and DaMs, Halt and Ciam,^' who found that disten- 

tion of the c}stic duct and bile ducts m dogs was associated with pain, nausea 
(salivation) and yomiting Butsch, iMcGowan, and Walteis’*' have demon- 
strated that when a T-tube is mseited into the common bile duct after 
cholec} stectonn and manometne deteimmations made of tbe mtiaductal 
pressure, this piessure can be made to use with the administiation of certain 
drugs, such as moiphmc In one of the cases studied, this rise m piessuie w^as 
accompanied by pain The\ also noted pei iodic uses 111 pressuie, with pain 
at tunes mdependent of the ellect of 11101 phme Con\eisel}, they were able to 
demonstrate that lelaxatioii produced by amyl nitrite and glyceiyl timitrite 
rehe\ed the pain conconiitanth with the fall m intraductal piessuie A similar 
observation has been made independently by Doubilet and Colp It is also 
a common clinical obsenation, not suppoited by observations of mtiaductal 
pressure, that the pain m postcholecy^stectomy colic can fi equently be relieved 
by the administiation of glyceryl timitrite 

One final observation must be considered as relating definitely to the 
association of symptoms following lemoval of gallbladder, namely, the pei- 
sistence of a large poition of the cystic duct This occasionally increases m 
size, so that it mimics a icformed gallbladder Frequently the w'all is thick- 
ened and a small stone is present Often, how^ever, this remnant of the 
cystic duct w ill not contain stones, and occasionally the w^all has the thickness 
generally associated wnth a noimal viscus The removal of such a cystic duct 
stump has frequently resulted m the lelief of symptoms, as has been pointed 
out by Beye,^® and Gray and Sharp Strangely enough, theie has been but 
little comment on the mechanism by which the remnant of a cystic duct can 
produce symptoms identical to those of biliary colic, and Avhy these symptoms 
will be relieved following the removal of tbe duct The piesence or absence 
of stones seems to make but little difference in the end-result 

From the above considerations, it w^ould seem that some common denomi- 
nator must be sought foi, in wdiich an explanation of the relief of symptoms 
from the removal of the stump of the cystic duct, or the lelief of tension in 
the common bile duct, or the piobable relief of spasm of a choledochal 
sphincter might correlate Since the symptoms under discussion in the so- 
called postcholecystectomy syndrome resemble identically those of cholecys- 
titis and cholelithiasis, it would seem to us that such explanations as are 
offered must also correlate wnth the cause of symptoms seen m the usual case 
of cholecystitis 
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Recently we had occasion to report on certain observations relating to 
the production of symptoms of cholecystitis Because of the fact that the 
symptoms commonly observed in cholecystitis, such as pain, nausea, vomiting, 
and dyspepsia, are symptoms that can best be explained on the basis of sympa- 
thetic and parasympathetic stimulation m the gallbladder region, we examined 



Fig I — Diagrammatic representation of the origin and gross distribu- 
tion of the sympathetic and \agus nerve supply to the biliary tract and 
liver (After Kuntz^*) 


the walls of diseased gallbladders to ascertain, if possible, whether any lesion 
could be demonstrated involving these nerve pathways We were able to show 
that in chronic cholecystitis, in which there is generally seen marked inflam- 
matory changes in the wall of the gallbladder and in which the patient exhibits 
a considerable amount of pain, nausea and vomiting, it is very easy to 
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demonstrate pathologic changes in and aioitnd the nerve fibeis within the 
gallbladder ^^all These changes, for the most pait, consist of fibiosis and 
inflammation piodiicmg stretching, ischemia, and the local effect of inflamma- 
tion around the neive fibeis and endings These factois eithei actually pro- 
duce pain or else so lowei the threshold so that stimuli not normally apparent 
to the indiMdual ma\ lesult in maiked simptoms Following cholecystectom} 

II II t t . - - j 



< - I 


Fig 2 — (A) Drawing prepared from dissection of an adult with the 
hepatoduodenal ligament removed and the liver raised to illustrate the 
distribution of the phrenic supply to the liver V C I — inferior vena cava, 
cut through , Lob c — caudate lobe , D — diaphragm , G S d — right adrenal 
gland , A H — hepatic artery , D H — ^liepatic duct , V P — portal vein , 

A Ph s — left inferior phrenic artery , D C — cystic duct , N Ph d — right 
phrenic nerve , Gn Ph d — right phrenic ganglion , V s — left vagus , N Ph s 
— left phrenic nerve , Gn Ph s — left phrenic ganglion , i — hepatic rami of 
the vagus nerve, 2 — phrenic branches to the inferior vena cava, 3 — 
branches to the posterior surface of the liver , 4 — the branches in the 
portal area, 5 — muscular branches, 6 — the branches of the left phrenic 
nerve to the portal area (After Raigorodsky^^) 

many nerve fibers, as well as the above mentioned lesions, are lemoved, and 
with this loss of a large number of nerve ti links along with the focus of stim- 
ulation, there is subsequent improvement in the clinical condition of the patient 
These observations were demonstrated with characteristic photomicrographs 
observed on routine examination 

If these above mentioned observations are true, it would seem to us that 
a similar mechanism must be shown to be present m explanation of the 
existence of the same symptoms following cholecystectomy This report con- 
cerns such a study of the nerve supply relating to the bile ducts In view of 
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the fact that so little attention has been paid to the nei ve supply to this region, 
we feel that it would be of value to describe first the anatomic distribution 
in detail 

THE NERirE SUPPLY TO THE BILE DUCTS 

The nerve supply of the liver and biliary system is derived from the 
sympathetic, the vagus, and the phienic neives Dogiel-^ pointed out. in 1S95, 
that the gallbladder and bile ducts, including the cystic and common ducts. 
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Fig 2 — (B) Preparation as dissected from a child showing 
the more comnion type of arterial and nerve distribution D — dia- 
phragm , Lig H G — Lig hepatogastneum , L — spleen , R S — left 
kidney , Pn — ^pancreas , C Pn — ^head of the pancreas , R D — right 
kidney , Duo-Duodenum , Lig t — ligamentum teres , V F — gall- 
bladder , Ao — aorta , A H — ^hepatic artery , A G Duo — ^gastroduo- 
denal artery , AGS — left gastric artery , A G D — right gastric 
artery , r S — left hepatic artery , r D — right hepatic artery , A C 
— cystic artery , PI S — solar plexus , P A G S — plexus of the left 
gastric artery , P H A — anterior hepatic plexus , P H P — posterior 
hepatic plexus , V S — left vagus , V D — right vagus , i — hepatic 
branch of the left vagus, 2 — ^branches to the liver, 3 — branches 
to the anterior hepatic plexus, 4 — medial nerve of the gallblad- 
der , 5 — posterior nerve of the common bile duct , 6 — plexus of 
the gastroduodenal artery (After Raigorodsky-2) 


have a relatively rich nerve supply A detailed study by Raigoi odsky,-- in 
1928, in which he carefully dissected 60 human specimens, led to much 
clarification of the subject 

Figure I IS a diagrammatic representation showing the pathways of the 
sympathetic and vagus nene supplies to the hvei and bile ducts The left 
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Nagus gnes use to thice mam bianchc'? as it passes Ihunigh the lovvci thoiax 
on the anterioi surface of the esophagus 1 he light division is the liepatic 
hianch. the middle and left being distiihuted to the stomach The hepatic 
branch passes to the li\er thiough the gastiohepatic ligament wheie it is 
joined by a hianch of the light \agus Tlie distiihution is almost entiiely to 
the left lobe of the livei As the light \agus passes along the posteiioi siii face 
of the esophagus most of the hheis pass to the celiac ganglia, wheie a few 



Fig 2 — (C) Preparation of an adult witli normal topographic relations 
seen from in front Lob s — left lobe of liver , Lob d — right lobe of liver , 
Lobq — quadrate lobe of liver, Ligt — ^lig teres, W — stomach. Duo — duo- 
denum , Pn — pancreas , Lig H G — hepatogastric ligament , Lig H D — hepa- 
toduodenal ligament , A H — common hepatic arter\ , A G D — right gastric 
artery, A G Duo — gastroduodenal artery, rD — right blanch of the hepatic 
artery , r s and r Si — left branch of the hepatic artery , V P — portal vein , 
P H A — anterior hepatic plexus , P H P — posterior hepatic plexus , i — 
nerves with the right gastric artery, 2 — anastomosis between the anterior 
and posterior hepatic plexus , 3 — lateral nerve of the gallbladder , 4 — cysitc 
duct, 5 — medial cystic nerve (After Raigorodsky^s) 


small branches become incorporated m the hepatic lami and entei the hepatic 
portal Eiger^^ (1916) considered the A^agiis to have the influence of a tiue 
secretory nerve on the liver 

The majority of the neive fiheis wdnch aie distiihuted to the hiliaiy tiee 
are derived from the sympathetic system, and reach the liver by way of the 
celiac plexus (Kuntz) These fiheis aie deiived from the gieatei splanch- 
nic nerves ivhich have their origin pi edommantly fi om the T6-T9 sympathetic 
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ganglia, and the lesser splanchnics which arise from the T10-T12 sympa- 
thetic gangh According to de Takats,"'’ the greater splanchnic enters the 
superior portion of the celiac plexus, wheieas a part of the lesser splanchnic 
joins the inferior pole, the majority being distributed to the renal and supra- 
renal plexuses As has been pointed out by Greving-" (1924), none of the 



Fig 2 — (D) Photograph of a dissection of the 
nerves of the portal area, as prepared by Raigorodsky 2- 
The portal vein has been removed, and black silk has 
been placed behind the nerves for contrast V — stomach , 
Pn — pancreas , Duo — duodenum , AGS — left gastric 
artery , v P — portal vein (cut end) , v C I — inferior vena 
cava , D Ch — common bile duct , D H — ^hepatic duct , 
PI S — solar plexus , P H A — anterior hepatic plexus , 
P H P — posterior hepatic plexus , P A G S — plexus of 
left gastric arterv , V S — ^left vagus , V D — right vagus , 
I — ^hepatic ramus of left vagus , 2 — branch from the 
right vagus , 3 — branch from the plexus of the left gas- 
tric artery , 4 — medial cystic nerve , S — inner branch of 
the posterior nerve of the common duct, 6 — ^posterior 
nerve of the common duct , 7 — ^branch from the left 
vagus, 8 — anastomosis between the anterior and pos- 
terior hepatic plexus, 9 — ^pancreaticocholedochus nerve 
(After Raigorodsky 22 ) 


sympathetic rami join the liver directly from the sympathetic trunks in man, 
but first pass through the hepatic plexus 

Figure 2-A is a drawing prepared by Raigorodsky showing the rami from 
the phrenic nerves to the liver These fibers enter by first anastomosing with 
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the s} inpathetic nci \ cs This occui s pi cdominanUy along the postei loi boi cler, 
althougli some fiheis cntei thioiigh the hepatic portal 

The studies of Raigoiodsky led him to divide the hepatic plexus, which 
is foimed b) the libeis appioachmg the luei fiom the celiac plexus, into 
anterioi and postei loi poitions The anteiioi hepatic plexus always follows 
the hepatic arten . the pathwai changing as the path of the arteiy vanes The 
basic t\pcs of \cssel dillci dices coiiespond to the special pathways of nerves. 
Foul basic Upes wcie oiigmalh descnbed b> Rio Bianco 

The nio<^l prcialent tipe occui s in 55 pci cent of all cases (Fig 2-B and 
2-C) The hepatic aitery aiises fioni the celiac axis and divides into two 
branches the aitcri hepatic piopiia and the gastioduodenal aitery The 
hepatic propria aitcr) divides into the light and left hepatic arteiies, the 
right gu ing rise to the c> stic ai ter} 3ust before it entei s the liver 

The second t}pc constitutes 20 pei cent of the cases studied The basic 
origin of the common hepatic aitei\ is the same, but the right and left hepatic 
arteries arise diiecth fiom the common hepatic as sepaiate branches without 
the formation of the hepatic piopna aitei\ The cystic arteiy again arises 
from the right hepatic artei} 

The thud t}pc is present in 10 pei cent of the cases The right hepatic 
distribution remains the same while the left hepatic artery aiises as a sep- 
arate branch from the left gastiic arteiy 

The fourth t}pe is found m 10 per cent of the cases also The right hepatic 
artery arises as a separate bianch from the supeiior mesenteric artery, passes 
behind the portal vein, and gnes off the cystic artery just before entering the 
liver The left gastric has the same t)pe of basic pattern described in 
type one 

The othei 5 per cent consists of variations and combinations of the above 
four basic types 

The posterior hepatic plexus of neiwes passes to the right and superiorly 
in the portal area w'here at first it lies behind the low'er third of the portal vein 
and crosses over on the under surface, it is then found lying in the outer 
groove between the right periphery of the poital vein and the common bile 
duct where it passes to the liver which it enters in the region of the end- 
branches of the right hepatic artery Along the course of the right hepatic 
artery, it anastomoses with ramification of the anterioi hepatic plexus 

The medial nerve of the gallbladder arises from the anterior plexus, passes 
over the anterior surface of the common and hepatic ducts, anastomoses with 
the posterior hepatic plexus in the triangle of the cystic and hepatic ducts, and 
passes to the medial superior surface of the gallbladder 

The lateral nerve of the gallbladder arises from the posterior plexus and 
passes along the lateral surface of the common and cystic bile ducts to the 
lateral, inferior surface of the gallbladder 

The pancreaticocholedochus nerve, as described by Laterget,^® is derived 
from the posterior hepatic plexus and passes distally to the retro- and intra- 
duodenal portions of the common bile duct 
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The common duct is sunounded by a delicate net of nerve fibers through- 
out most of Its extent These fibeis are much more numerous m the region 
of the junction of the hepatic and cystic ducts The posterior surfaces of the 
cystic, hepatic, and common ducts are m close proximity to the posterior hepatic 
plexus which contains many large nerve fibeis Across the anterior surfaces 
of the hepatic, cystic, and common ducts pass many of the connecting branches 
betu een the anterior and posterior hepatic plexuses and the rami of origin of 
the medial nerve of the gallbladder 

Along the lateral inferior surface of the cystic duct is the lateral nerve 
of the gallbladder, while on the medial superior surface is the medial nerve of 
the gallbladder As can be seen, one of the points of maximal concentration 
of nerve fibers along the biliarj ducts is in the triangle formed by the cystic 
and hepatic ducts 

Labat^^ indicates that the gallbladder is insensitive, but that the bile ducts 
are very sensitive to tension of distention However, Dogiel pointed out that 
neive fiber bundles arising from the hepatic plexus accompanj^ the blood ves- 
sels into the wall of the gallbladder and bile duct and form a plexus in the 
outer connective tissus layer from which fibers are distributed to the muscu- 
latuie and the mucosa This plexus uas described to contain manj'- ganglion 
cells which occur singly or in groups Greving (1924) was unable to confirm 
the presence of the ganglion cells in his preparations We, houever, have 
identified them on numerous occasions 

The sympathetic fibers probably make sjnaptic connection m the celiac 
ganglia The connections of the vagus are not so well known, but the hepatic 
plexus may be the site of synapse, and if Dogiel is correct in his assump- 
tions, the ganglion cells which he demonstrated weie probably parasympa- 
thetic As has been pointed out, some of the vagus fibers enter the liver 
directly According to Kuntz, no anatomic data are available which prove that 
the efferent fibers in these branches effect synaptic connections n ith peripheral 
neurons It is possible that some of these fibers are the axons of neurons 
located in the jugular or nodose ganglia 

The clinical obseivations of Kocher on coid injuiies have shown, as early 
as 1896, that the vagi have no pam-carrying fibers from the abdomen (de 
Takats) As ive have stated, it has been demonstrated experimentally by 
others that distention of the biliary ducts caused maiked distress, disturbance 
in lespiratory rhythm, salivation, and often vomiting The symptoms pio- 
duced rvere generally more marked with distention of the ducts than the 
gallbladder Section of the right splanchnic nerve w^as found often to abolish 
the distress and reduce the amount of the respiratory inhibition Section of 
both vagi and the left splanchnic nen'^e stopped the salivation and vomiting 
and reduced the amount of lespiratory inhibition, while section of both vagi 
and both splanchnic neiwes abolished all distiess and reflex distuibances 
Refeience has preiiously been made to the studies on a senes of conscious 
patients made by Zollinger on the effects of distention of the gallbladder 
and bile ducts Distention of the gallbladder was found to cause modeiate 
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di'^cnnifoit. no ^o!nltln^,^ and no leloiicd pain Disk’nlion of the cystic oi 
common bile duct cau'-cd ‘'Cxcic cpiga'^tnc dislicss, ^omllmg■ m two of thice 
cn'JC'i and no lolcncd pain 11c convuicicd tins CMclencc in agi cement with 
Moilec"'^ that a tine mhci.iI pain does exist winch is incdialcd thioiigh the 
sMupathetios and that mllammation of the pentonenm causes lefencd pain 
o\et a pentoiieiHUtaiU'ous utlex Kulenk.impfl , as lepoitcd In dc Takats, 
emphasises liu* fact that iinisculai nqidit\ will disappcai with splanchnic 
anesthesia m cchc if it is of leflex oiium Ihiwcwci, if iigidity is due to peii- 
toneal iinohemeiit le^'iiltiiig fwan tlie ccaitigiious extension of the innainma- 
tion or to adlusious. the iigiditc will not he influenced 



Fig 3 — PJiotogiapli of ncr\c fibers in section of the cjstic duct 
taken just proximal to the point whcic the duct was clamped at 
operation Other ncrcc fibers were present in each cross-section 
llicsc groups of fibeis in each case possibl) repiescnt the medial or 
lateral neiccs of the gallbladder after branching has taken place 


From tlie ahotc obscnations, it seems logical to assume that stimulation 
of the sympathetic neives in the poital aiea w^ould cause epigastnc pam and 
some distuibance m the lespnatoiy ih}thm, wdiile stimulation of the vagus 
fiheis m the same aiea would cause d}spepsia and m some cases vomiting 
In an effort to determine wliethei an appieciable amount of neive fibeis 
w'ere cut dm mg the aveiagc cholecystectom}'', a consecutive senes of gallblad- 
ders sent to the sui'gical pathology laboiatoiy fiom Barnes Hospital weie sec- 
tioned transversely through the cystic duct just pioximal to the point wdiere 
the clamp had been placed Figure 3 shows neive fibeis wdiich w'eie found m 
this aiea The nerve trunks can be seen to be quite small and numeious as 
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The common duct is surrounded by a delicate net of nerve fibers through- 
out most of its extent These fibers are much more numerous m the region 
of the junction of the hepatic and cystic ducts The posterior surfaces of the 
cystic, hepatic, and common ducts are in close proximity to the postei lor hepatic 
plexus which contains many large nerve fibers Across the anteiior surfaces 
of the hepatic, cystic, and common ducts pass many of the connecting branches 
between the anterior and posterior hepatic plexuses and the rami of origin of 
the medial nerve of the gallbladder 

Along the lateial infenoi surface of the cystic duct is the lateral nerve 
of the gallbladder, while on the medial superior surface is the medial nerve of 
the gallbladder As can be seen, one of the points of maximal concentration 
of nerve fibers along the hihary ducts is in the triangle formed by the cystic 
and hepatic ducts 

Labat^'^ indicates that the gallbladder is insensitive, but that the bile ducts 
are very sensitive to tension of distention Howevei , Dogiel pointed out that 
nerve fiber bundles arising from the hepatic plexus accompany the blood ves- 
sels into the wall of the gallbladder and bile duct and form a plexus in the 
outei connective tissus layer from which fibeis are distributed to the muscu- 
lature and the mucosa This plexus was described to contain many ganglion 
cells which occur singly or in groups Gievmg (1924) was unable to confirm 
the presence of the ganglion cells m his pieparations We, however, have 
identified them on numeious occasions 

The sympathetic fibers probably make synaptic connection m the celiac 
ganglia The connections of the vagus are not so well known, but the hepatic 
plexus may be the site of synapse, and if Dogiel is coirect in his assump- 
tions, the ganglion cells which he demonstrated were probably parasympa- 
thetic As has been pointed out, some of the vagus fibers enter the liver 
directly According to Kuntz, no anatomic data are available which prove that 
the efferent fibers m these branches effect synaptic connections with pei ipheral 
neurons It is possible that some of these fibers are the axons of neurons 
located m the jugulai or nodose ganglia 

The clinical observations of Kocher on coid injuiies have shonn, as eaily 
as 1896, that the vagi have no pam-carrying fibeis from the abdomen (de 
Takats) As we have stated, it has been demonstrated experimentally by 
others that distention of the biliary ducts caused marked distiess, distuibance 
in respiratory rhythm, salivation, and often vomiting The sjanptoms pio- 
duced were generally more marked with distention of the ducts than the 
gallbladder Section of the right splanchnic nerve was found often to abolish 
the distress and reduce the amount of the respiratoiy inhibition Section of 
both vagi and the left splanchnic nerve stopped the salivation and vomiting 
and reduced the amount of lespiratory inhibition, nhile section of both vagi 
and both splanchnic nerves abolished all distress and reflex disturbances 
Refeience has preriously been made to the studies on a senes of conscious 
patients made by Zollinger on the effects of distention of the gallbladder 
and bile ducts Distention of the gallbladdei was found to cause modeiate 
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branching of the larger trunks has occurred Many other fibers on the other 
surfaces of the cystic duct aie not shown 

Figure 4 IS a gross dissection of a fresh anatomic specimen The duo- 
denum and pancreas have been rotated 90 degrees for clarity The trunks 
from the celiac plexus can be seen passing to the hepatic plexus, probably the 
posteiior portion which is in close proximity to the cystic duct and cystic 
artery The medial branches are probably connecting branches passing to the 
anterior hepatic plexus along the hepatic artery The lateral nerve of the 
gallbladder can be seen veiy clearly as it has been dissected free throughout 



Fig 4 — ^Dissection of adult specimen The duodenum and 
attached pancreas have been rotated 90° to the left for clarity A 
hook has been placed beneath three large nerve trunks which are 
passing superiorly from the region of the celiac plexus along the 
posterior and lateral surfaces of the common duct The lateral 
nerve of the gallbladder can be seen distinctly with a hook near 
Its termination The posterior hepatic plexus can be seen just 
inferior to the cystic duct which has been retracted superiorly by 
the left black suture The right black suture is around the cystic 
artery, and the right hook is attached to the medial wall of the 
hepatic duct 


its course along the cystic duct It must be lemembered that in the dissec- 
tions and most of the illustrations, m the interest of clarity the structures in 
the portal area have been spread, whereas in reality they he in relatively 
close proximity 


CASE REPORTS 

Case 1 — J W , a white female, age 66, was first admitted to the Barnes Hospital, 
March g, 1945, with a history that ii years previously a cholecystectomy had been 
performed following episodes of right upper quadrant pain, with nausea and vomiting, 
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but with no chills or fever Roentgenograms at that time showed stones in the gallblad- 
der At operation, one large and several small stones were found She was asymptomatic 
for two years after operation She then began to note a beginning return of some of 
the same symptoms for which she was operated upon the first time These attacks at first 
lasted for about five minutes, and occurred every three or four months There was no 
jaundice or alcoholic stools or dark urine The attacks increased gradually in frequency 
and intensity during the intervening years Pain in the right upper quadrant radiated 
down the subcostal ridge but not to the scapula or shoulder There were no chills or fever 
but occasional nausea and vomiting There was no jaundice During the past few months 
she had had nearly daily attacks for which hypodermics had been ordered The attacks 
were characterized by a cramping, colicky, right upper quadrant pain associated with 



Fig S — Case i Fibrous tissue overgrowth in regenerating nerves 
around the remnant of the cystic duct producing the picture of an ampu- 
tation neuroma 


nausea and vomiting Aloie recently there was moderate jaundice, dark urine, and light 
stools, with some itching In intervals between the attacks which were sudden in onset, 
the patient was asymptomatic 

Physical examination upon admission to the hospital was essentially within normal 
limits The laboratory findings showed the urine, red and white blood cell studies, and 
hemoglobin to be normal The nonprotein nitrogen was 19 mg per cent, fasting blood 
sugar 80 mg per cent, total plasma protein 6 3, with albumin of 3 7, and globulin of 
2 6 Blood amylase was 143 units, and the icterus index was 7 5 The gastro-intestinal 
roentgenologic examination was normal, and tlie electrocardiogram was normal 

On Alarch 15, 1945, the upper right rectus scar was excised by Doctor Womack, 
and very little musculature encountered The omentum and duodenum were intimately 
adherent to the abdominal wall They were dissected free with great care The pelvic 
viscera were normal, as was the large bowel, with the exception of the appendix which 
was acutely kinked and dilated distally This was removed and the stump inverted The 
duodenum was now separated from the liver by sharp dissection and mobilized with the 
head of tlie pancreas, away from the posterior wall The gastroduodenal artery, the 
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poital vein, the common bile duet, and the vena cava weic identified The common bile 
duct was enlarged two times, the wall was thin and colored a slate-bluc It contained no 
stones It was separated from all fibrous tissue from the upper margin of the pancreas 
to the liver The cystic duct had its origin from the mesial surface of the common duct, 
extending around posteriorly for a distance of I 5 cm It was enlarged to the size of 
one’s little finger and had a bulbous tip There were no stones present either in the 
cjstic duct or common duct The common duct emptied well, and w'as not explored 
There were numerous large nerve trunks running into the stump of the cystic duct and 
the impression was that the patient’s s>mptoms could be explained on the basis of an 
amputation neuroma The cjstic duct was cut-off close to the common duct and ligated 
with a silk suture A drain was inserted to this area and brought out through a stab 
wound The peritoneum was closed with No oo chromic catgut and the fascia brought 
together with interrupted silk, as was the skin 



Ftg 6 — Case a Section taken through the remnant of the cystic duct 
near a fragment of the old chromic catgut ligature Note the large nerve 
bundles and others such as seen in the lower right portion of the section, 
that are fragmented by scar formation 

The postoperative convalescence was uneventful 

Microscopic study of the portion of the cvstic duct that was removed, showed a 
tremendous number of nerve fibers and trunks which were being invaded by an over- 
growth of fibroblastic tissue, giving the classical picture of an amputation neuroma 

Case 2 — A T , a white female, age 40, was first admitted into the Barnes Hos- 
pital, June II, 1936, with a history that five years previously she had had sudden 
attacks of nausea followed by pain in the epigastrium which radiated to the midback 
Jaundice later developed This pain was relieved only by hypodermic injection This 
was diagnosed as cholecystitis and a cholecystectomy was performed Stones were 
said to have been found in the gallbladder at operation She remained m the hospital for 
two weeks Two days after returning home, she had a similar attack Gastro-intestinal 
roentgenologic examination was then performed, but nothing abnoimal was found 

Three jears later she underwent a second operation in the same hospital, which 
supposedly was performed for adhesions which had been identified on roentgenologic 
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examination She again was in the liospital for two weeks Theie ^\elc no attacks 
after her second operation for six weeks Since then she had several attacks ot 
pain in the epigastric region radiating to the back, associated with jaundice, fevci, and 
claj -colored stools Diet seemed to have no influence on the onset of these attacks Since 
January , 1936, she had been having her stomach pumped every two weeks The stomach 
contents were always bile-stained 

Physical examination upon her admission into the Barnes Hospital was within 
normal limits The red blood count was normal, as was the white blood count and 
differential Duodenal drainage was earned out and bile identified Blood amylase was 
93 units 

She was operated upon, June 20, 1936, by Doctor Heinbecker The abdomen was 
opened through an upper right rectus incision and the stomach was found adherent to 
the old gallbladder site There were numerous adhesions between the duodenum and the 
under surface of the liver General exploration of the abdomen revealed no abnormalities 
The stomach and duodenum were freed from the liver bed and the common bile duct 
exposed It was found to be of normal size Palpation did not reveal any stones The 
pancreas was soft, apparently normal The stump of the gallbladder, about one inch in 
length, had been left at the previous operation This was removed from below upward 
The cystic duct was small It was tied off close to the common duct There were no 
stones in this gallbladder remnant but its walls were thickened and the stomach and 
duodenum had been adherent to it The abdomen was closed m layers 

Convalescence was uneventful, and she was discharged on July 6, 1936 Three 
months later a letter from the patient showed that there was not a great deal of 
improvement However, a letter five months later from the patient’s physician said 
that she showed marked improvement The patient wrote two years later that she was 
now free from all symptoms, had gained 35 pounds, and was stronger than she had been 
in years 

Microscopic examination showed the cystic duct to be involved in a considerable 
amount of fibrous tissue, running through which were a large number of nerve 
trunks, many of which were splitting up into smaller groups, such as is seen in ampu- 
tation neuroma Surrounding the base of the whole mass was a small area of chromic 
catgut, which apparently had been present since the original operation This ligature 
had apparently grouped all of the adjacent nerve fibers together in one mass of scar tissue 

Case 3 — Mrs A M , a white married woman, age 55, was first admitted to the 
Barnes Hospital on April 2, 1945 She complained of epigastric pain and severe vomiting 
For some 10 or 15 years she had had intermittent epigastric pain coming on several 
hours after meals, w'hich was relieved by taking food or milk These episodes were more 
frequent in the Spring and Fall There was not much change m these symptoms until 
November, 1944, when she began to vomit Because at one time she vomited a small 
amount of blood, her physician suspected a peptic ulcer She was also thought to have 
gallbladder disease As a result she was operated upon on December 6, 1944 A local 
physician told her that adhesions prevented the gallbladder from being entirely removed 
but that several stones were obtained Whether or not a partial cholecystectomy was 
performed we were never able to find out from the patient’s record Following operation 
she continued to vomit for several weeks and required intravenous fluids During the 
past two weeks before admission she was unable to retain food in her stomach and 
had had intermittent epigastric pain and tenderness This patient presented a complicated 
picture of obvious cholec> stitis and a duodenal ulcer 

At operation, April 24, 1945, performed bj Dr Gordon kfoore, the common bile 
duct was identified and seemed to be normal except for slight dilatation The gallbladder 
remnant was extremelj, small, being onl> 25 x i cm in diameter With considerable 
difficulty the cjstic arterj^ and cjstic duct were identified The tinj gallbladder bed was 
repentoneahzcd It apparenth represented only a small portion of the original viscus The 
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common bile duct was opened and a probe inserted easily into the duodenum and into the 
two hepatic ducts, without evidence of obstruction A T-tube was sewed in place A 
duodenal ulcer was present but it was felt wise to delay further surgery 

The patient made an uneventful convalescence, and was completely relieved of all of 
her epigastric pain She returned at a subsequent date for gastric resection, which was 
undertaken for the duodenal ulcer 

Since her discharge there has been no recurrence of the biliary colic 
Microscopic examination of the excised remnant of cystic duct showed marked 
thickening of the wall by virtue of fibrous tissue, and in this scar tissue was embedded 
numerous large nerve trunks, some of which were being split, such as is generally seen 
in an amputation neuroma m which the fibroblastic proliferation invades the nerve trunks 



Fig 7— Case 3 Large nerve trunks involved in scar in a fragment of the 
wall of a cystic duct remnant 


Case 4 — J S , a 58-year-old married male, presented a history as follows In 1941 
he had had a cholecystectomy, with the removal of the gallbladder and stones There had 
been preceding symptoms of biliary colic and dyspepsia for some 20 years For one year 
after the cholecystectomy the patient had no symptoms During the following two years 
he had four or five very severe attacks of right upper quadrant colicky pain which was 
referred to the right scapular region, which he describes as being typical in every 
respect to the colic he had had before his operation These attacks of pain were not 
associated with chills, fever or jaundice 

During the recent months the pain has been less severe but the attacks more frequent 
There has been very little dyspepsia between attacks and there is usually no nausea or 
vomiting during the attacks He is able to eat almost any type of food Physical exam- 
ination showed a slightly obese male, with a large left indirect inguinal hernia, and an 
upper right rectus scar from the previous cholecystectomy Blood pressure 140/94 The 
urine and blood cell studies were normal The nonprotein nitrogen was 15 mg per cent, 
fasting blood sugar 65 mg per cent, icterus index was 10, urine contained no bile 
Total plasma protein was 7 i, with albumin 4 3, globulin 2 8, and the blood amylase 
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determination was 86 units Cholecystography showed no visualization of the biliary 
apparatus Electrocardiogram was within normal limits, cephalin flocculation tests i 
plus, the stool negative for blood and positive for bile 

The patient was admitted to the Barnes Hospital on February lO, 1946, and on 
February 14th, through an upper right rectus incision, removing the previous scar, the 
abdomen was explored Considerable scarring was encountered m the peritoneal cavity 
and the dissection was made slowly Ihc duodenum was adherent to the under surface 
of the liver and was sepaiated by sharp dissection The head of the pancreas was 
identified and found to be relatively umnvolved by scar The duodenum was mobilized 
and the common duct isolated This was found to be slightly enlarged above the level 
of the origin of the cystic duct and somewhat smaller below this level At the region 
of the origin of the cystic duct, there was a tendency toward hour-glass contraction, this 
being due to a nodular mass on the upper lateral suiface of the common duct The duct 



Fig 8 — Case 4 Nerve trunks in a hard mass of scar overlying the 
common bile duct This tissue would be placed on tension with dilatation 
of the duct 


was entered and explored No evidence of stones was found The nodular mass was 
dissected off the common bile duct with a remnant of the cystic duct The cystic artery 
was ligated separately The lesion appeared grosslv as an amputation neuroma of the 
ner^es to the gallbladder A T-tube was inserted and the defect closed over the 
T-tube in such a way that no narrowing of any considerable degree of the common 
duct was left The tube was brought out through a stab wound and the abdomen closed 
in layers with figure-of-8 No 30 steel wire 

The postoperative com alescence was uneventful and before his discharge cholangio- 
grams were done, showing the common bile duct to be normal The T-tube was left 
in place until 10-17-46, wdien the patient was readmitted into the hospital and the tube 
removed During this mter\al the patient had had no attacks of pain or any of the 
previous sjinptoins for which the procedure was carried out, although the tube had 

been kept closed for some time One month later the patient was still m excellent 
physical condition 
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skin tests were essentially negative The gaslio-inlestinal roentgenologic examination 
showed a questionable deformity in the prep}doric region, with diverticulosis of the 
sigmoid Electiocardiogram showed bundlc-biandi block 

He was discharged from the Baines Hospital, Febiuary I5> 1945> snd was read- 
mitted on April 9, 1946, with a story that his symptoms had not been improved by 
medical care and that he was still completely disabled He was operated upon by 
Doctor Womack on April 17, 1946 The old scar m the upper right rectus region was 
excised and in many areas the peritoneum was found adherent to the skin The peii- 
toneal cavity was entered and the liver identified The stomach was adherent to the 
liver, the pyloric region and antrum being brought upward at an acute angle which 
probably accounted for some of the deformities seen in the roentgenologic examination 
These adhesions were separated, the duodenum isolated and mobilized by sectioning the 
lateral peritoneum The old gallbladder bed was freed and the common bile duct isolated 
It was approximately 2 cm m diameter and thickened by several bands of dense fibrous 
tissue running across it in the region of the cystic duct Because these bands might 
contain nerve fibers, they were dissected free from the wall of the common duct leaving 
the latter viscus a thin, bluish color when the dissection was complete The duct was 
then opened and a lead probe passed through toward the duodenum There was question- 
able resistance noted at the ampulla A smaller probe was inserted and entered the 
duodenum easily In order to establish the presence or absence of ampullary obstruction, 
an incision was made in the duodenum in the region of the ampulla No obstruction was 
found A diverticulum to the left of the ampulla, i cm in diameter and i cm deep, was 
identified, extending into the head of the pancreas There was no ulceration about the 
diverticulum and no evidence of inflammation A laige probe was inserted through the 
common duct into the duodenum in order not to encroach upon the orifice, and the fundus 
of the diverticulum seized with clamps and inverted The neck was ligated with a heavy 
silk suture The duodenum was then closed A T-tube was inserted into the common 
bile duct and the duct closed with interrupted silk This tube was brought out through 
the abdominal wall by means of a stab wound and another small Carrel tube was placed 
along side it The spleen was normal except for adhesions The remainder of the gastro- 
intestinal tract was normal except the appendix which was long and contained two 
fecaliths This was removed The wound was closed with interrupted figure-of-8 sutures 
of No 30 steel wire 

Since operation the patient has been free from his previous symptoms The tube was 
removed one week after operation 

Microscopic examination showed that the heavy, fibrous tissue which overlay the 
anterior portion of the common bile duct and which was adherent to the peritoneum, 
consisted chiefly of large nerve trunks, through which bundles of collagenous fibrous 
tissue coursed The position of this scarred nerve tissue was such as to be stretched 
whenever there was any dilatation of the common bile duct 

Case 6 — -G T , a 33-year-old married colored woman, was first admitted into the 
Barnes Hospital, July 17, 194S1 with a history of vague right upper quadrant distress, 
with gaseous distention, nausea and vomiting since she was age 16 These attacks were 
never very severe and sometimes would not occur for as much as a year The symptoms 
never lasted more than a day 

In June, 1943, at another hospital, she had been operated upon for gallbladder disease 
At tins time her common bile duct was obviously injured as the patient began to discharge 
bile immediately through her uound and later became jaundiced Subsequently, she was 
rcexplorcd but nothing apparently uas done At this time she began to have fairly severe 
attacks of upper right quadrant pam similar to biliary colic m every respect, much more 
pronounced than before het original operation She was also deeply jaundiced and there 
was no discharge of bile through her incision when we first saw' her 

She was operated upon at the Barnes Hospital. July 27, 1945, at which time she 
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cMiibited severe liver damage The portal vein was identified, and a dense fibrous struc- 
ture seen and felt which must have been the obliterated common bile duct. The distal 
part seemed hard and indurated and a small portion of the surrounding scar was 
removed for biopsy After careful dissection, a gray, turbid bile was obtained from 
a point which proved to be a dilated common duct at the surface of the liver This was 
opened and a fairly large amount of the same white bile, with inspissated mucus and 
other material escaped This area proved to be the junction of the right and left hepatic 
ducts In view of the poor condition of the patient and the marked liver insufficiency, 
a tube was inserted for temporary external biliary drainage until the function of the 
liver improved considerably Anastomosis was to be performed at a second stage 



Fig 10 — Case 6 Large and small nerve trunks adjacent to the dilated 
jiortion of a strictured common bile duct this patient developed biliary 
colic after the formation of such scar The colic was relieved after excision 
of the scar 


Unfortunately, her jaundice never disappeared The secretion of bile became less 
and finally ceased completely Another exploration showed the biliary obstruction to 
now be intrahepatic 

Microscopic examination of the tissue removed at operation from alongside the 
common bile duct shows large and small bundles of nerve fibers completelj enmeshed m 
dense, fibrous tissue, producing a picture similar to that described m previous cases 

Comment In the consideration of the anatomic and pathologic findings 
described in the preceding pages, there are certain aspects worthy of further 
comment It is to be particularly noted that the size of the nerve bundles and 
the number of the nerve fibers distributed along the common bile duct and the 
cystic duct are sufficient to be of clinical significance As has been pointed 
out, there is now sufficient clinical and experimental evidence obtained from 
observations on both animals and the human to demonstrate that stimulation 
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of these nerves results in symptoms identical to those experienced in biliary 
tract disease 

We have called attention to various types of lesions seen involving these 
nerve fibers in our experience with patients who have a persistence of their 
symptoms of biliary tract disease follo\Mng cholecystectomy As has been 
stated, attention has previously been called to the relationship of the per- 
sistence of a large cystic duct to the presence of such symptoms We have 
also found this to be one of the common findings at operation However, 
It IS our feeling that it is not the persistence of a large cystic duct pei se that 
produces disability, but rather the inclusion in the scarred walls of that duct 
of bundles of nerve fibeis, chiefly sympathetic m type, with perhaps a smaller 
number of vagal fibers At times, fibrous tissue proliferation and nerve trunk 
regeneration may lesult in a nodularity resembling the classical form of 
amputation neuroma It will be recalled from the anatomic description of 
the distribution of these fibers, that both the anterior and posterior plexus tend 
to converge in the region of the cystic duct so that it is sometimes quite easy 
to include many of these fibers in the ligature about the cystic duct At such a 
time there may not be true neuioina formation, but rathei a constriction and 
ischemia of the nerve fibers in a region that is subject to variation in intra- 
ductal tensions during the da) 

Another type of lesion noted m the nerve plexus has to do with the 
laying down of a difluse sheath of dense fibrous tissue over the anterior sur- 
face of the common bile duct m the region of the stump of the cystic duct 
Because of fear of injury to the common bile duct, this fibrous tissue is often 
not studied adequately When it is removed and microscopic section made 
of It, in our experience it almost universally shows the same type of nerve 
trunks enmeshed in scar tissue as has been described above 

One of the most interesting observations m our experience has to do with 
that demonstrated in Case 6 Here was a thin young girl giving a clinical 
history that nas not particularly suggestive of gallbladder disease, and cer- 
tainly before her operation she had never complained of pain resembling that 
seen m biliary colic Following the removal of what could easily have been a 
normal gallbladder, with subsequent damage to the common bile duct, there 
was sufficient scarring of the nen^e supply to the common bile duct to result 
m a classical picture of biliary colic 

The presence of scai tissue around nerve trunks produces both stretching 
of the fibers and ischemia Both of these factors, as has been well-demon- 
strated, low ei the threshold of stimulation of nerve endings and nerve trunks 
The presence of the damage, therefore, that has been described, is such as to 
make those neiw^e fibers present much moie susceptible to stimulation, and 
w'hat 111 a normal environment w'ould be a stimulus so mild as to be clinically 
imperceptible, could now' become one wuth considerable exaggeration It 
would seem to us that the position of these damaged fibers about the expand- 
ing and contracting common bile duct and occasionally the cystic duct, is 
adequate to explain the origin of this stimulus 
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Another interesting feature about this study has been the time element 
As a general rule, several months usually elapse after the cholecystectomy 
before the recun ence of symptoms begins to appeal This would be in keep- 
ing with the lajnng down of the dense collagenous scar Furthermore, we are 
familiar with many instances in w'hich these postcholecystectomy symptoms 
have appeared and after a few^ yeais disappeared This we w'ould interpret 
as being due to complete degeneiation of the damaged nerve trunks 

In order to prevent the appearance at a later date of such symptoms as 
have been described, it has been our practice for some time now, w'herevei 
possible, to separate the nerve trunks mesial to the common bile duct In 
most instances, this is fairly easily done if the peritoneum and underlying 
areolar tissue is removed from over the common bile duct befoie the gall- 
bladdei is resected The nerve trunks can then be w’ell-visuahzed and lifted 
up wuth a blunt clamp and sectioned At the same time, the common bile duct 
IS cleaned of all sunoundmg areolar and fibrous tissue Occasional!}, a situa- 
tion develops in wdiich such treatment of the common bile duct would be 
fraught with considerable dangei At such times, it has been our experience 
that the best treatment has to do wuth stripping completely the cystic duct of 
all of its adjacent structures as well as the cystic aitery In this way none of 
the nerve fibers are caught in the ligature 

In those patients that have been operated upon foi the so-called postchole- 
cystectomy syndrome, a similar plan of piocedure is cairied out At this 
time, w'henever present, the stump of the cystic duct is lemoved close to the 
common bile duct Any scarring present on the surface of the common bile 
duct IS carefully removed The nerve trunks, as a rule, become well-visualized 
on the mesial side of the common bile duct and can hkewuse be destroyed 
at that tune 

SUMMARY 

1 From 5 to 20 per cent of patients wuth characteristic symptoms of 
cholecystitis, and with the classic pathologic findings at operation, will con- 
tinue to have their symptoms in varying degrees of severity followung chole- 
cystectomy 

2 Considerations pieviously advanced as to the cause of the persistence 
of these symptoms have been discussed 

3 The nature of the nerve supply to the bile passages is described, and 
pathologic lesions seen in these nerve pathw^ays in patients with peisistent 
symptoms following cholecystectomy are demonstrated 

4 Effective prevention and treatment is outlined 
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BEZOARS CAUSllNG ACUTE INTESTINAL OBSTRUCTION-^ 
Charles H Watt, M D , and J W Harner, M D 
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A REZOAR IS cuirently described as a concretion usually found in the 
stomach or intestines of certain ruminates and is composed of various vege- 
table matters, hair, etc The composition of the bezoar determines its class, 
namely, trichobezoai composed mostly of hair, phytobezoai composed of 
vegetable matter, and (3) tnchopbytobezoai , a combination of these two 
In the 58 years of this association there has been only one papei presented 
befoie It dealing wuth the subject of bezoars This w'as presented m a most 
interesting and instinctive papei by Dr Rudolph Matas,’^ m 1914 This pres- 
entation dealt exclusivel)’^ with the trichobezoai, or hair balls, m the stomach, 
special attention being diiected toward the pieopeiative diagnosis of this con- 
dition by means of the contiast media and loentgenograms At the time of 
this paper there w^ere 73 reported cases m the literature to w'hich the author 
added one of his owm In the “Supplementary Commentaiies on Bezoars” 
at the end of this article Doctoi Matas wuites m his owm inimitable w^ay con- 
cerning the histor)^ of bezoars and the impoitant part they played m the 
“pharmacopeia of antiquity and of the middle ages, even up to the eighteenth 
century ” 

We have said that this subject has been presented only once before this 
association, at the same time it should be noted that the most exhaustive and 
recent study of the subject is by two membeis of this association. Dr Alton 
Ochsnei and Di Michael DeBakey^’® This study comprises a thorough 
search of the world hteratuie up to 1938, at which time theie w'ere 171 cases 
of trichobezoars, 119 cases of phytobezoars and 13 cases of othei concretions 
This plus their seven additional cases comprised a total of 126 phytobezoars 
and because of the fact that 92, 01 73 per cent, of these bezoars were due to 
the ingestion of peisimmons they suggested the term “diospyrobezoai ” from 
the Greek dwspyjon, translated as “Jove’s giain,” the generic term for the 
wild persimmon 

* The most recent repoit on the bezoais that wm have been able to find m 
the literature is by Millei and Kelt,'* on “Trichobezoai,” from the Journal of 
the Mt Sinai Hospital, April, 1944 These w liters report three cases occur- 
ring m Mt Smai Hospital, two being mtragastric, while the third suffered 
from combined gastric and multiple intestinal trichobezoars This last patient 
died, whereas the other twm recovered 

It IS to be noted that in the eight cases of bezoars reported by DeBakey 
and Ocbsner only one w'as composed of hair and seven were composed of 

Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va, December 12, 1946 
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vegetable mattei, mosth the wild persimmon, whereas in three cases reported 
from Mt Sinai Hospital all weie composed of hair. This difference is no 
doubt accounted for by the geographic difference between New Orleans, in 
the South, wheie the mid peismimon flourishes and New York, m the East, 
ivhere this fiuit groivs sparsely, if at all 

While the composition of bezoars can be easily determined and the 
leason foi the ingestion of the vegetable mattei causing most ph}tobezoars is 
easily understood, the leason oi leasons for tnchophagia remains a myster}- 
In cases of trichobezoars ivhere sex was noted 139 w^eie female and 13 w^ere 
male This would suggest that the long hair of the female is certainly one of 
the underlying causes However, “wdien the incidence was listed by decades 
and the long 01 shoit hair style of the decade is noted, no significant variation 
IS apparent ” 

In the case of phytobezoai the records show^ about 3 to i m favor of 
the male 

Trichobezoai s aie found most frequently between the ages of 10 and 19, 
wdiereas the phytobezoai s are found most fiequently betw^een the ages of 
50 and 59 

Throughout the liteiatuie the emphasis is placed on the diagnosis and 
treatment of gastric bezoars In some reports mention is made of tlie fact 
that portions of the trichobezoars may break off, pioducing intestinal obstruc- 
tion, and the operator is cautioned about examining the bowels for these 
cast-offs w'hen removing one from the stomach However, \ery few cases of 
obstruction have been lepoited In discussing Doctor Matas’ paper Dr Le- 
Grand Gueriy mentioned a case in his practice of acute intestinal obstruction 
caused by one of these 

In Matas’ report six of 44 operated cases had hair balls in the intestines 
but none of these seem to have caused acute obstruction 

DeBakey and Ochsner also mention the “possibility of such complications 
as intestinal and gastroduodenal ulceration, wuth consequent hemorrhage, 
perforation and peritonitis ” 

While the diagnosis of intragastnc bezoars, especially trichobezoar, may 
often be made preoperatively the same is not true once the bezoar has passed 
into the intestinal tiact and produced obstruction The case then presents the 
usual pictuie of acute intestinal obstruction, the cause of ^Yhlch may only be 
suspected if there is a suggestive histor) In the eight cases reported b\ 
DeBakey and Ochsner there w'eie three cases of intestinal obstruction caused 
by phytobezoars of persimmon origin A definite history of having eaten per- 
simmons prioi to the onset of illness was obtained in two of the three cases 
m one case only a few^ days before, whereas in the other ii months had 
elapsed In both cases the cause of the obstruction was predicted before 
operation 

Heffels"' reports a case of high obstruction in a 56-year-old woman suffer- 
ing fiom schizophrenia 
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In the three cases that have come under our observation the bezoars were 
all found m the small bowel, causing acute obstruction Two of these ivere 
phytobezoars and one a trichobezoar We must admit that we failed to 
determine the etiologic factor before operation in any of the three cases, 
whereas it should have been suspected in tw'o of the three In Case 2 and 3 a 
history of having eaten persimmons and a history of tnchophagia, respectively, 
were obtained following operation 

CASE REPORTS 

Case 1 —The first case is that of a white male, age 73, admitted to the hospital 
complaining of pains in the abdomen, nausea and vomiting 

Picsent Illness — The patient began having colicky pains m the abdomen four dajs 
before admission Twenty-four hours later he became nauseated and loniitcd The pain 
continued mostly in the right side and each day there was continued, but not frequent, 
nausea and vomiting There had been no moiemcnt of the bowels 

Physical Eiaiiiniofioii — This revealed an elderly white man, age 73, in poor physical 
condition The temperature on admission at 10 00 a j.t was qS° F, pulse 120, quite 
irregular BP 110/90 The heart sounds w'cre distant, feeble and irregular The 
abdomen was distended, especiallj in the lower half, while the skin over the right lower 
quadrant ivas blistered from hot applications No mass was palpable but there was 
definite tenderness over McBurney’s point and below Lnbornloiy Data — ^These showed 
a normal urine NPN 35 mg WBC 13,500, pobs 84 per cent Hb 90 per cent 
Pi copci alive Diagnosis Acute intestinal obstruction of undetermined etiology 

Tieatnicnt The patient’s condition on admission w’ould not permit immediate oper- 
ation, but following saline infusions this improved to such an extent that operation under 
local anesthesia was undertaken eight hours later 

Opciahou — Under local anesthesia of i per cent novocaine, a low right rectus 
incision was made A moderate amount of straw-colored peritoneal fluid w'as present 
The appendix was normal There w'as a moderate distention of the small bow'ct leading 
to a mass in the pelvis which, when pulled up into the wound, proved to be wnthin the 
lumen of the lower ileum The abdominal cavity was carefully packed-off with moist 
gauze packs and the mass removed through a two-inch incision in the free border of the 
bowel The bowel w^as then closed with two layers of fine catgut and the abdominal 
w'ound 111 layers, without drainage 

Pathologic Repot t — “The specimen is a mass of greenish-black substance, measuring 
5 X 3 X 2 5 cm , which when cut is found to be composed of dried vegetable fibers ’’ 
There was nothing in this report to identify the specimen as of persimmon origin 

The convalescence in this case was rather stormy because of w'ound infection, but 
he was dismissed from the hospital on the 16th postoperative day, in good condition 

Case 2 —The second case W'as that of a white male, age 60, admitted to the hos- 
pital, March 27, 1939, complaining of pain in the abdomen, nausea and vomiting 

Present Illness— For about one year the patient had complained of epigastric dis- 
comfort, especially following meals, and had been under treatment for supposed duodenal 
ulcer, although there had been no roentgenologic studies The day prior to admission to 
the hospital he was seized with severe abdominal cramps, especially in the upper part, 
accompanied by severe nausea and vomiting 

Physical Evammation — This showed the patient to be a well-developed man, age 
60, apparently suffering acutely Pulse 84, temperature 994° F, BP 146/82 Heart 
and lungs normal Urine normal except for a trace of acetone and diacetic acid 
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Interest centered chiefly on the abdomen, but, even here, there was nothing very 
striking— only moderate distention in the upper half associated with a moderate amount 
of tenderness, no spasm and no palpable mass 

In view of the uncertainty of the diagnosis roentgenologic examination \yas made 
with the following report “Fluoroscopic survey of the chest showed no pathology of 
heart or lungs Plain film of the abdomen showed no distended loops of bowel A barium 
meal was given The esophagus, stomach and duodenum were normal Five hours later 
examination showed a complete obstruction to the passage of barium at a point in the 
jejunum about 12 inches distal to the ligament of Treitz No barium passed this point 
A recheck two hours later showed no change” Pfeopciatwe Diagnosis Complete, high 
intestinal obstruction of unknown etiolog}’’ 

Opaation — ^Through an upper right rectus incision the abdomen was opened, and the 
jejunum, containing a firm rounded mass, was delivered onto the abdomen The abdom- 
inal cavitv was packed-off caiefully with warm moist packs and intestinal clamps 



Fig I — Trichobezoar which produced complete small bowel obstruction Removed 

from lower ileum 


applied The bowel above the mass was moderately distended while that below was flat 
Through a longitudinal incision on the free surface of the bowel the mass was removed 
and the wound closed with three layers of suture The abdomen was closed in layers, 
without drainage 

Pathologic Repoit — The pathologist described the specimen as a large mass roughly 
triangular in shape, measuring 6 x 4 x 4 cm through its thickest portion it was 4 cm 
It had a putrefactne, fecal odor and was covered by a dirty greenish-gi ey film When 
sectioned, the interior of the mass vas brownish in color and in it were masses of 
vegetable and fruit peelings and many seeds 

Postoperative questioning of the patient revealed that he had eaten heartily of per- 
simmons, which grew plentifully on his farm 
End-Result Complete, uneventful recover} 

Case 3 —The third case is that of a white female, age 5, presented by her mother, 
with the chief complaint of nausea, vomiting and abdominal pain 

Pfcsait Illness For the past six months the child had been complaining of 
anorexia, and during the past three months with intermittent attacks of constipation 
abdominal pain, nausea and vomiting On the daj, of admission these symptoms became 
more marked, and were associated with ele\ation of temperature and pulse 
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Physical Evaviinatioit This revealed a rather thin, pale, white girl, age 5 Tem- 
perature 1004” F Pulse 120 Other plnsical findings were within normal limits except 
ior generalized abdominal distention and tenderness without rigiditi There nas some 
voluntary muscle spasm in the right lower quadrant but not enough to prevent palpation 
of an elongated mass, which was about the size ot a man's thumb This mass lay approv- 
imatel> midwav between the umbilicus and right anterior superior spine, moderateii 
sensitive to palpation, and shghtlj movable No roentgenologic studies were made since 
the case was one for immediate surgerv Blood count WBC 14,000, poljs 84 per 
cent Pnopoativc Diagnosis i -Veute appendicitis 2 Intussusception 

Pnoi to operation foreign bodj was not even considered in this case An acuteh 
inflamed appendix wrapped in omentum mav give a similar picture Intussusception 
was considered as a possibility because of the movable, elongated mass, although there 
had not been anj blood in the stools and the child was above the age wlicn this usualh 
occurs 

Opiiafwn Tins was done through an extended McBurnev incision There was an 
excessive amount of straw-colored peritoneal fluid, and immediately beneath the incision 
appeared a large, elongated firm mass within the lower ileum The loop of bowel con- 
taining the mass was easth delivered onto the abdonninl wall, the abdominal cavitv was 



Fig 2— Same as Fig i Note constriction, probably caused bv 
pi lone muscle before final expulsion from the stomach 


carefulh packed-off with vvaim moist gauze and a two-mch longitudinal incision was 
made along the free border of the bowel exposing and delivering a foul-smelling mass of 
matted hair, measuring 9 >■ 3 x 3 cm , and retaining roughly the contour of the 
stomach (Figs i and 2) The bowel was closed with two layers of fine catgut suture, and 
the abdominal wound closed in lavers, without drainage 

Posiopciattve Diagnosis Trichobezoar, causing complete obstruction Recovery was 
uneventful and, as far as we have been able to determine from the mother, this experience 
has cured the child of eating hair Following the operation the mother, when questioned, 
stated that she had never actually seen the child eating hair but had frequentlj noted 
loose hairs in the bed and bald spots on her scalp since infancy, but had nei er attached 
any significance to it 

In oui seurch of the literature we have been unable to find a recorded case 
in which a trichobezoar has passed out intact through the pylorus into the 
lower bowel, resulting in obstruction, all the other acute intestinal obstruc- 
tions from trichobezoars were caused by fragments that had broken off from 
a gastric bezoar and passed through the pylorus 
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SUMMARY 

1 A brief review of the literature on the bezoars is given 

2 Two cases of phytobezoais and one of trichobezoar are added 

3 All three cases weie causing acute intestinal obstruction, were operated 
upon, and all lecovered 
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Discussion — Dr Joseph W Collins, Portsmouth, Va In 1938 I had the privilege 
of reporting a case of recurrent trichobezoar before this Association The patient was a 
young girl, age 7, who had a palpable tumor in her upper abdomen Her mother said 
that she had appeared to be a normal infant in all respects, but as soon as she started to 
crawl she began to pick up foreign bodies and swallow them These consisted of hair, 
strings, tacks, match sticks, pins and small pieces of glass, paper, chicken feathers and, in 
short, whatever she could put her hands on Her mother found many of these objects m 
her stools At the age of two she began to pull her own hair and swallow it This strange 
appetite continued and, at the age of five, she began to lose weight and complain of pain 
in her upper abdomen Her appetite for food was poor She had frequent attacks of 
nausea and vomiting These symptoms persisted until her admission to the hospital 
Operation revealed a large hair ball completely filling her stomach There was a 
prolongation of it through the pylorus and duodenum into the jejunum for a distance of 
13 inches The pyloric opening was greatly dilated, but no gross pathologic lesions were 
encountered This hair ball weighed one pound, eight ounces, and was S-shaped, forming 
a mold of the stomach, duodenum and part of the jejunum The mass consisted chiefly 
of hair, but many other foreign bodies were also evident 

When this child reacted from her anesthetic she began to beg for food Her demands 
were so insistent and so noisy that it was necessary, for the comfort of other patients, 
to keep her completely narcotized until mouth feeding could be safely resumed She made 
an uneventful recovery 

Eight years later she was again admitted to the hospital because of pain m the 
upper abdomen She was now a girl of 15, and had been attending high school until she 
was forced to leave school because of her illness The pain in the abdomen was more or 
less constant, but at times it became a severe colic These symptoms began about four 
months before admission Her condition had grown steadily worse since onset of symp- 
toms, and her weight had dropped from 128 pounds in September, 1934, to 99 pounds upon 
admission In the light of her history and physical examination it was plainly evident 
that she had accumulated another hair ball Roentgenologic examination, after adminis- 
tration of barium meal, showed the stomach to be completely filled with a solid mass Her 
abdomen was again opened and a large, twisted, S-shaped hair ball was removed this 
weighed one pound, tw'o ounces, and completel} filled the stomach and duodenum It 
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consisted almost cntiitly of black bail In the fust part of the jejunum, about se\tn 
inches from the duodenojejunal junction, llircc small hair balls could be palpated One of 
these had a very shaip edge which had ulcerated through the wall of the intestine This 
perfoiation w'as coveicd by the omentum A poition of the proximal end of the jejunum 
and its mesenterj was much indurated and inflamed, and there were numerous enlarged, 
inflamed mesenteiic nodes m this region With this extensive pathologic condition in the 
jejunum It W'as deemed advisable to resect the damaged portion rather than attempt to 
repair the perforation Resection of the damaged segment and side-to-side anastomosis 
was therefoie performed The resected intestine contained the three small hair balls 
Immediatelj distal to the inflamed portion of the jejunum there was an intussusception 
This W'as apparently of recent origin and was easily reduced The abdomen was closed 
without drainage, and again the patient made an imeientful recorery 

Upon reviewing the literature I found only three other cases reported in w'hich there 
had been a recurrence One of these was a woman who had had fi^e hair balls remoied 

Dr James D Rives, New' Orleans, La If I ma\ be permitted a certain amount of 
flexibility in the use of the term bezoar, I would like to report another of these curious 
cases This w’as a white female child, six years of age She was undernourished and 
somew'hat mentally' deficient Roentgenologic cxanimation showed the duodenum to be 
about the same size as the stomach, and to contain a number of assorted foreign bodies 

At operation, the duodenum w'as opened, and an heterogeneous accumulation of odds 
and ends w'as removed, it included leaves, paper, seeds of \arious kinds, buttons, and a 
coin One ring, visualized roentgenologically', could not be found, and presumably' w’as 
passed per rectum At the time, I believed that the duodenal dilatation was due to this 
mass of foreign material, and thought its removal was sufficient Howeier, she returned 
after one year w'lth an equally ill-assorted collection of material in the duodenum, and 
roentgenologic examination suggested the existence of duodeno-niescntenc ileus It 
became apparent that since nothing could be done about her eating habits sometlimg must 
be done about the disposal of what she sw'allowed At operation, a large amount of foreign 
material similar to that removed at the first procedure, w’as found and remored A ver\ 
laige duodenojejunostomy was made 

This procedure seems to have been successful since, while she continues to swallow 
anything she can lay her hands on, all of it has so far passed through the intestinal tract 

Dr, J M Donald, Birmingham, Ala Doctor Watt has presented to us a most 
interesting subject 

I would like to report a case of phytobezoar (persimmon ball) of the stomach, with 
a perforated gastric ulcer as a complication This case has not been previously reported 
I have been unable to find a similar case m the literature 

Case Report — This 27-year-old white male was admitted to the surgical service of 
the Hillman Hospital on February 9, 1936 He gave a history of having noticed epigastric 
pain for the past three weeks The pain developed several hours after meals and was 
relieved by food For the past two weeks tarry-colored stools were noticed There was 
no history of previous attacks Six days before admission he began to vomit dark brown 
material and the epigastric pain increased Approximately 19 hours before coming to 
the hospital, and after taking a large dose of Epsom salts, he developed, severe epigastric 
pain requiring morphine for relief The picture on admission was that of acute perfora- 
tion of a peptic ulcer, with peritonitis, and a respiratory infection 

Immediate exploration, under spinal anesthesia, revealed a generalized peritonitis 
due to a large peif oration of a gastric ulcer situated on the anterior wall of the stomach 
m its middle third A large, firm mass was palpated floating m the stomach contents 
The stomach was opened and a large phytobezoar was removed It weighed 3 5 ounces 
and measured 105x55x45 cm It was stained black and had assumed the shape of 
the stomach The defect in the stomach was closed in layers and the abdomen was closed 
with drainage While on the operating table the patient gave a history of having eaten a 
hat full of persimmons in one sitting, in the Fall preceding operation 
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Death from peritonitis and bilateral lobar pneumonia occurred two days aftei 
operation 

It was our opinion that the gastric ulcer was caused primarily by the mechanical 
irritation of the gastric mucosa by the persimmon ball 

i 

Dr Charles H Watt, Thomasville, Ga, (closing) I want to thank you for this 
discussion and I also wish to apologize to Doctor Collins for having overlooked the 
report of his case I note he leported it before this Association m 1938 
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FROM THE GYNECOLOGICAL DEPARTMENT OF THE JOHNS HOPKINS HOSPITAL AND UNI\ERSITA, 

BALTIMORE MD 

Incontinence of urine of varying degree in women is one of the common 
complaints heard in every gynecologic clinic When the symptom is of a 
marked degree, there is nothing more distressing to the patient Not only is 
there the physical discomfort associated with constant moisture and local 
irritation, but there is an unmistakable odor of decomposing urine which is 
annoying to the patient and those in proximity to her The constant fear of 
visibly wetting her outer clothing is trying on her nerves and she may shun 
society and ultimately lead the life of a recluse 

To talk to these victims is to be convinced that no surgeon can do a more 
humane act than give them relief Unfortunately, surgical results, m general, 
are not as satisfactory as they should be The great numbers of women who 
seek relief at the larger clinics, after numerous previous unsuccessful operative 
attempts, amply support this statement There are many reasons for these 
failures One of the principal reasons is our lack of knowledge of the exact 
anatomy of the parts and our failure to know completely the physiology of 
micturition Another is the lack of training in female urology of surgeons, 
gynecologists and obstetricians who attempt plastic operations to restore con- 
tinence The necessary skill to cystoscope, and thus examine the bladder and 
urethra from within, is a great advantage to the surgeon from a diagnostic 
and surgical point of view Because the symptoms of incontinence are so 
distressing, the patient urges the doctor to cure her promptly Since the sur- 
geon or obstetrician often feels a sense of guilt in having had a hand in causing 
the condition, he may yield and operate too soon, before sufficient time has 
elapsed to get the tissues in condition for plastic surgery 

We have had rather extensive experience in urinary incontinence in the 
female at the Gynecological Clinic of the Johns Hopkins Hospital, where a 
division of female urology is an integral part of the clinic It was thought 
that our experience of the past decade might be reviewed so that we can profit 
in the future from our mistakes and experiences in the past This paper is 
concerned with such a review 

The types of incontinence considered in this senes are briefly summarized 
below It is conceded that there are other rare types, such as those due to 
extrophy of the bladder and ectopic ureters opening into the vagina or urethra, 
but they each require special consideration and are not included in this series 

* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs Va , December 11, 1946 
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1 Stiess incontinence of different degrees, varying from slight, occasional 
loss of control on severe straining at coughing, sneezing or lifting heavy 
weights to almost complete incontinence which occurs with the slightest exer- 
tion Stress incontinence is usually associated with cysto-urethrocele, with or 
without uterine prolapse, but occasionally is seen without these conditions, and 
even in nulhparous (usually elderly) women 

2 Vesicovaginal fistulae, due to childbirth injuries, surgical injuries and 
destruction of the vaginal and bladder walls by malignant disease of the pelvic 
organs and/or irradiation therapy 

3 Dejects in the wethra and sphincteis, due to congenital defects, obstet- 
rical and surgical accidents, or destruction by malignancy or lymphopathia 
venereum 

4 Incontinence due to neurologic disease, such as spina bifida, multiple 
sclerosis or tabes dorsalis 

5 Uretei ovagmal fistulae, due to operative or irradiation injuries 

6 Inflammatoi y lesions of the iirinaiy tiact, causing such marked fre- 
quency and urgency as to result in practical incontinence No cases of this type 
are included m this series because, strictly speaking, they should not be classi- 
fied as incontinence and their treatment, obviously, is not surgical However, 
It is extremely important that they be recognized and differentiated from those 
cases in which there is a defect in the sphincter mechanism or bladder or 
ureteral walls A careful history will usually identify this group, but cysto- 
scopic examination should often be done for confirmation 

STRESS INCONTINENCE 

The causes and cure of stress incontinence will be considered first It is 
many times more frequent than all of the other types combined It is the 
simplest type to cure surgically and yet results are not uniformly satisfactory 
Kelly and Dumm^ reported 8o per cent successful , B P Watson^ 65 7 per 
cent and H Dawson Furniss^ 76 5 per cent 

There is more than one etiologic factor in stress incontinence This was 
recognized as early as 1913 by Kelly who noted that some cases occurred in 
association with cystocele and others occurred without any visible lesion B P 
Watson found that two out of every three women with stress incontinence 
had cystocele, and our experience coincides with his 

The explanation for the incontinence m those cases associated with cysto- 
urethrocele or urethrocele lies in the sagging of the urethra and base of the 
bladder It is the sagging of the urethra and the immediately adjacent trigone 
rather than the higher portion of the bladder which is the chief factor m loss 
of control In many cases of cystocele and/or uterine prolapse when the 
urethra maintains its normal position snugly attached beneath the symphysis 
there is no incontinence Defects in the pubovesicocervical fascia, which nor- 
mally supports the urethra and bladder, are responsible for both urethrocele 
and cystocele Coughing, sneezing and other physical exertion forces the 
unsupported undersurface of the urethra and bladder downward, while the 
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anterior surface lemams in apposition to the symphysis Tins prevents the 
urethral sphinctei muscles fiom closing in a noimal concentric manner and 
the resulting oval sphincter apeiture fails to completely shut off the flow of 
urine (Fig i) The gush of urine can he prevented in most of such cases by 
making slight pressure against the undersurface of the urethra \\ hen the patient 
coughs, thus, giving the urethra the support \\hich it normally gets from the 
intact pubovesicocervical fascia 

The women without cysto-uiethiocele usually present themselves after 
middle age, and the only explanation which can he offered is a decrease in 
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Fig I — A Schematic representation of camera shutter-hke action of normal urethral 

sphincter 

B Schematic representation of failure of urethral sphincter to close on straining after 

development of urethrocele 


sphincter muscle tone occuirmg with advancing years However, it is difficult 
to prove this assumption, even by inspecting the urethral sphincters c3^stoscopi- 
cally The smaller percentage of cures obtained by sphincter plication m this 
group tvould seem to substantiate the view' that the musculature is not 
up to par 

There is still another group of w'omen w'ho suffer from stress incontinence 
These women may have had one or more vaginal deliveries oi unsuccessful 
operations for stress incontinence Indeed, the loss of control may follow' opei- 
ations for cysto-urethi ocele m women who had no previous incontinence The 
author has had tw'o such instances m his practice, and Kennedy^ has reported 
similar cases The explanation lies in the formation of scar tissue m the 
periurethral region, preventing the camera shutter-like action of the sphincter 
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muscles Visualization of an imperfect closuie can, in some instances, be 
demonstrated cystoscopically Kennedy^ has particularly stiessed the impor- 
tance of these periurethral adhesions and has devised an opeiation foi the 
restoration of continence m such cases His operation will be discussed later 

OPERATIVE PROCEDURES FOR CURE OF STRESS INCONTINENCE 

The procedures for the cure of stress incontinence are the plication of the 
vesical sphincter musculature and reuniting the pubovesicocervical fascia fibeis 
beneath the urethra and base of the 
bladder Plication of the vesical 
sphincter was probably first done by 
Howard Kelly, although all authors 
do not agree on this Schumann,® 
for example, states “The best pro- 
cedure for this purpose in my expe- 
rience IS a modification of that pro- 
posed by Baldy, m 1913, and after- 
ward described by Kelly, by whose 
name the operation is most generally 
known ” This difference of opinion 
stimulated the author to investigate 
the records on the subject and the 
facts m the literature are as follows 
In 1913, Baldy”* reported on two pa- 
tients with stress incontinence which 
he cured by denuding an oval of 
vaginal mucosa and the underlying 
fibrous tissue beneath the neck of 
the bladder and closing the wound 
with interrupted silkworm gut su- 
tures In making this closure he 
picked up the denuded vesical neck 
with some of the interrupted stiches, 
thus, plicatmg it He then used a single large reinforcing suture to bring the 
vaginal mucosa on either side of the incision together in the midline, to 
relieve tension from the plicatmg sutures He states that he performed the 
first operation in 1911, and his report was published in the November, 1913, 
issue of Surgery, Gynecology and Obstetrics, the paper having been presented 
before the American Gynecological Society in May, 1913 Kelly published his 
description of the operation first in the Urologic and Cutaneous Review in 
June, 1913 In this article he states that he had been performing this oper- 
ation for the past 10 or 12 years It would thus appear that Kelly not only 
published his description first, but also performed the operation several years 
before Baldy 

The operation, as performed by Kelly, follows 
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‘ With the patient in the lithotomy position, the posterior wall of the vagina is 
retracted and the area at the neck of the bladder is brought down with either forceps or 
guv sutures 

“The next step is to slit the vaginal wall down to the urethra and the bladder in the 
median line for about i S or 2 inches The neck of the bladder should fall at about the 
center of the incision The position of the neck is easily determined at all times by moving 
the catheter to-and-fro, and feeling its head which presses close up against the urethra 
The utmost care should be taken not to cut into the urethra or the bladder at any step 
of the operation After making this median incision, the vagina is further dissected off on 
both sides with tissue forceps and dissected away for a distance of 2 to 2 5 cm around 
the neck of the bladder This dissection may be made with blunt pointed scissors which 
push their way into the tissues, separate the bladder from the vaginal walls and then cut 
the connecting fibers The dissection should be deepest at the neck of the bladder 

“When the detachment of vagina from the bladder is completed, the finger should be 
able to grasp at least one-half or two-thirds of the neck of the bladder, including the 
contiguous urethra Sometimes the bladder wall is so thin that its mucosa shines through 

“The next step is to suture together the torn or relaxed tissues at the neck of the 
bladder, using two or three mattress sutures of fine silk or linen passed from side-to-side 
The first suture, taking in about i S cm of tissue, is tied at once when the succeeding 
suture may be passed outside of this, further contracting and bringing together the tissues 
at the neck This is the principal part of the operation, and when done the mushroom 
catheter ought to be pulled out, the head of the catheter escaping with a little jump as it 
clears the tightened reconstructed sphincter at the neck of the bladder The more or less 
redundant vaginal walls, which have been detached in order to expose the sphincter area, 
are now resected so that the remaining tissues can be snugly brought together from 
side-to-side, so as to support the vesical area operated upon and avoid any dead space 
between bladder and vagina” Kelly’s rather crude original illustration is shown in 
Figure 2 

The operation which we perform today differs somewhat from Kelly’s 
original procedure It may be noted from Kelly’s description that his plication 
was done only at the “neck of the bladder ” He frequently superimposed two 
or three mattress sutures at that point, but he did not plicate the musculature 
for the length of the urethra Our present procedure utilizes the musculature 
of the full length of the urethra as W'ell as the internal sphincter region 

We are indebted to Kennedy for our knowledge of the sphincter action of 
the urethra He studied the urethral mechanism ivith the aid of radiographs 
The bladder was first filled wnth 200 cc of a 3 per cent solution of sodium 
iodide A thin rubber sac was then inserted into the urethra to distend and 
outline it The sac was filled with 25 per cent solution of sodium iodide con- 
nected with a water manometer at 30 cm of pressure By taking roentgeno- 
grams when the patient was to “hold, relax and void” the action of the 
urethral sphincter was studied By studying noi mal women and patients with 
various degrees of incontinence, Kennedy concluded that there is an involun- 
tary sphincter about each of the inner and outer thirds of the urethra and an 
additional sphincter about the middle third of the urethra -vyhich is probably 
under voluntary control This control, he found to be greater than either of 
the involuntary muscle controls He found that if a pressure of 30 cm of 
fluid stretched the sphincter about the middle third of the urethra, he was 
justified in suspecting some degree of incontinence Kennedy also emphasized 
the importance of adhesions between the urethra and pubic rami These 
adhesions he believed to be the result of trauma from the child’s head or from 
previous surgery in the urethral region Our clinical experience confirms both 
of Kennedy’s conclusions The presence of sphincters along the entire urethra 
IS confirmed by inspecting the urethra along its entire course through the 
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Fig 3 -A — Mattress sutures which plicate sphincter Fig 3-B — Second row of mattress sutures approximating 

fibres from trigone to near the end of the urethra the fascia beneath the urethra 








R W IE LINDE 


An» iUu( SurpcrN 
J ti 1 > 19 4 7 


Kelly an cystoscope As one withdraws the cystoscope he can notice con- 
centric contractions about the end of the instrument from the trigonal end of 
the urethra to the meatus We have also, on occasion, seen evidence of the 
uiethral sphincters being fixed at points by means of periurethral scar tissue 
These adhesions have followed childbirth and operative procedures in the 
urethral regions Fixed irregular apeitures seen on withdrawal of the cysto- 
scope and periuiethral scar tissues encountered at opeiation confirm Ken- 
nedy’s ideas How'ever, it is oui belief that periurethral adhesions are less 
frequently a factor in incontinence than Kenned)^ believes them to be and 
on the basis of which he devised his opeiation for the cure of incontinence 
We would, then, limit the use of the Kennedy operation to those cases in 
w'hich periurethial adhesions have been proven by cystoscopic examination 
Kennedy’s opeiation w'lll be briefly described before discussing the one 
used in this clinic A midhne anterior A'aginal incision from cervix to about 
I 5 cm from the urethral meatus is made and the vaginal walls separated 
from the bladder laterally as far as the rami “By blunt dissection, the urethra 
IS separated from the median posterior margin of the ramus (keeping 
extremely close to the ramus) and the separation carried into the paravesical 
space, which is about 6 cm The same dissection is repeated on the opposite 
side, after wdiich the urethra becomes entirely free laterally ” The 

urethral w'all is then doubly plicated wnth mattress sutures for the length of 
the exposed urethia, wdnch is all of it except the distal i 5 cm Finally, three 
silver wire sutures are placed through the mucosa of the vaginal vestibule 
close to the margin of the pubic lami Kennedy believes that twisting together 
of these approximates the voluntary sphincter fibeis 

The operation done by the author has some of the features of Kelly’s 
original method and some of Kennedy’s If a cystocele is present, an incision 
is made through the anterior vaginal w^all fiom the cervix to w'lthin a half 
centimeter of the urethral meatus If theie is no cystocele, the incision is 
carried only the length of the urethra and for about a centimeter beyond 
beneath the trigone The vaginal mucosa is dissected laterally, stripping the 
fascia from it This fascia is to be used for subsequent plication to form a 
floor on wdnch the urethra and bladder base rest If a cystocele is to be 
repaiied, the usual advancement opeiation is done wnth plication of the 
pubovesicocervical fascia m the midline If there is leason to believe from 
previous investigation that peiiuiethral adhesions aie lesponsible for the 
failure of the sphincter to close piopeily, the uiethia is freed extensively 
laterally, as advised by Kennedy Otbenvise, no attempt at freeing the 
urethra is made except to expose its inferior surface A series of mattress 
sutures of medium silk are taken, beginning about a centimeter beyond the 
vesical end of the urethra and extending to wnthin a half centimeter of the 
meatus (Fig 3, A) When the incontinence is marked, the inteinal sphincter 


Fig 4 — Miller modification of Goebell-Stoeckel operation A Fascial strin lias been 
freed and is split B Showing method of encircling urethra 
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region can be more tightly plicated by taking two or three mattress sutures 
at that point, as suggested by Kelly, each succeeding suture burying the pre- 
ceding one The internal end of the urethra can be identified by the use of a 
mushroom catheter, but with experience this can be omitted After the first 
row of sutures is tied, a second row is placed which invert the first row and 
approximate the fascia This restores the floor upon which the urethra rests 
(Fig 3, B) The excess of vaginal mucosa is excised and the mucous mem- 
brane closed with intenupted fine catgut sutures We prefer not to use an 
indwelling catheter in order to avoid holding the urethra open If the patient 
fails to void, repeated catheterization may be required If only a simple 
plication operation is done we do not hesitate to permit the patient to get up 
to void immediately upon regaining consciousness If the procedure has been 
done as part of an extensive vaginal plastic, she is kept in bed 12 to 14 days 

An operation of this type was done on the Gynecological Service of the 
Johns Hopkins Hospital 249 times during the past ten years Of these patients, 
90 3 per cent reported that they were well , 5 per cent were improved , 3 5 per 
cent were unimproved, and there was no data on i 2 per cent The failures 
rarely occurred in those cases in which a well-developed urethrocele or 
cysto-urethrocele was present The}^ occurred chiefly in those cases in which 
there was simple sphincter weakness without cystocele, and in cases in which 
there was a great excess of scar tissue about the urethra as the result of 
previous operations The subsequent treatment of the failures will be con- 
sidered later in this paper 

THE GOEBELL-FRANGENHEIM-STOECKEL TYPE OP OPERATION 

From the above report it is obvious that we must search further for a 
cure of some cases of stress incontinence After one or more unsuccessful 
plications, scar tissue may make further plication futile Also, in those cases 
in which the urethra and sphincter mechanism have been destroyed, the 
reconstructed urethra has no contractile power, and this must be supplied 
from some other source Finally, in certain neurologic bladders with inconti- 
nence, there is the possibility that a new sphincter mechanism can be supplied 
which will function sufficiently well to give the patient control 

For many years past, surgeons and urologists have attempted to supply 
sphincter action by transplanting muscle from without Martius® used the 
bulbocavernosus, Deming^ the gracilis, and others utilized part of the levator 
am muscles Although some successes have been reported, there were many 
failures and most of these operative attempts are only of historic interest The 
operations of this type which are done today are chiefly modifications of the 
Goebell-Stoeckel technic, first described in 1910 In that year, GoebelF® 
reported on the transplantation of the pyramidahs muscles retropubically, 
encircling the posterior urethra In 1914, Frangenheim^^ modified Goebell’s 
technic by utilizing a strip of rectus fascia from the midline, to which the 
pyramidahs muscles were attached StoeckeF^ combine the 

Goebell-Frangenheim strap technic with a vaginal plastic procedure Norman 
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Miller objected to bringing the strap of fascia down retropubically because 
of the possibility of hemoiihage and bladder injury in the inaccessible retro- 
pubic space and accordingly modified the Goebell-Stoeckel operation by brmg- 



Fig 4 — Miller modification of Goebell-Stoeckel operation 

C Fascial strips have been brought down and will be 
sutured beneath the urethra 


mg the fascia down anterior to the symphysis (Fig 4, A, B, C) The first 
operation of this type performed in our clinic was done according to Miller’s 
modification and an excellent result was obtained, but we have abandoned 
this modification because one is able to get a more direct pull on the posterior 
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Fig 5 — Aldridge modification of Goebell- 
Stoeckel operation for urinary incontinence 

A Fascial strips are being separated through 
a Pfannenstial incision 

B Fascial strips shown in position around 
posterior portion of urethra Dotted line indi- 
cates position of rectus muscles when contracted 
C Diagram indicating slinglike action of the 
fascial strips 


inethra by the retiopubic route 
Nor have we injured the blad- 
dei 01 encountered hemorrhage 
by tunnelling retropubically In 
1942, Aldridge’* modified the 
procedure by making a trans- 
verse semicircular abdominal in- 
cision and cutting bilateral 
straps of fascia obliquely up- 
ward and outwaid The straps 
which are left attached at the 
medial ends then are made to 
pierce the rectus muscles as they 
are hi ought down behind the 
sjmphysis (Fig 5 ) There is 
one obvious advantage to the bi- 
lateial stiaps in those cases in 
which there is an old midline 
scar Aldiidge also believes that 
the spring obtained fi om the 
rectus muscles m their normal 
positions is far better than one 
could obtain fiom the displaced 
pyramidalis muscles 

We have performed opera- 
tions of this general type 13 
times in om clinic during the 
past ten years Since 1942, we 
haie generally used Aldiidge s 
modification, which appears to 
have the advantages claimed for 
It by its author Our series is 
small, which indicates that we 
have selected om cases w'lth 
case It IS easy to become ovei- 
enthusiastic about this pioce- 
dure but w'e have lestramed 
ourselves when w^e believed a 
lessei operation w'ould suffice 
For example, if a w'oman w'ho 
has had previous unsuccessful 
suigerjr for stiess incontinence 
piesents herself with a w^ell-de- 
veloped eysto-m ethrocele, w'e do 
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not proceed with this operation It is obvious that she has not had piopei 
vaginal plastic work done, and we repeat it with urethial plication If the 
Goebell-Stoeckel opeiation were done routinely foi such cases, the percentage 
of cures would be in the neighborhood of lOO per cent In all of the cases in 
oui series m which the operation was done foi stress incontinence following 
failures at plication, the operation was successful, with a single exception 
This failure was apparently due to a great excess of scar tissue resulting from 
previous attempts at plication On the other hand, more recently, a perfect 
result was obtained m a similar case, using the Aldridge modification Sphinc- 
ter function was given to two patients with spina bifida occulta and to one 
with a mild tabetic bladder Neuiologic bladders should be selected for this 
operation with the greatest of care They should be subjected to cystometnc 
examination before a decision to operate is made Operations of the Goebell- 
Stoeckel type should be restricted to those cases in which there is a relaxation 
of the involuntary sphincter and an absence of voluntary sphincter control 
The bladder should not be too spastic as the expulsive power of the spastic 
bladder w'ould probably overcome the added resistance offered by the tians- 
planted fascia 

The Goebell-Stoeckel type of operation failed to cure all three of our 
patients upon wdiom a plastic operation had been done previously to form a 
urethra In one case the entire urethra had sloughed following a difficult 
delivery In the second there was a congenital absence of urethra and seven 
previous attempts had been made to create a urethra and restore continence 
In the third case the wdiole urethra and part of the bladder w'all had been 
eaten aw^ay by lymphopathia venereum Failure in these three instances can be 
attributed to several factors The absence of any normal sphincter mechanism 
places more responsibility upon the strap for complete sphincter action 
Apparently, the strap often fails in this The urethra wdiich is formed by the 
plastic procedures is usually too short to serve as an adequate tube against 
wdiich the strap can make pressure The artificial urethra is also usually too 
thin for surgical dissection wnthout perforating into the lumen, and it con- 
tains so much scar tissue that postoperative sloughing may occur after 
attempting the strap operation In the case of the healed lymphopathia the 
tissues w^ere still the site of chronic edema and fibrosis, making surgical 
manipulation very difficult and healing unceitain because of lack of blood 
supply 

The modified Goebell-Stoeckel opei ation as done in our clinic follow s 

The position of the patient on the table is important She is placed in a 
modified lithotomy position wnth the thighs not too acutely flexed on the 
abdomen In this position the abdominal w^all may be exposed and the patient 
wall not require redraping for the vaginal wmrk A complete clean-up of the 
abdomen and vagina is done before draping The perineum is temporarily 
covered by a sterile toivel w'hich is removed at the beginning of the vaginal 
part of the operation Likewise, the abdominal wound is closed after the 
fascial stiaps are cut, except for a small segment in the midline, and the 
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wound covered with a sterile towel held m position by towel clips to prevent 
contamination while the vaginal operation is being done 

A semiciicular transverse lower abdominal incision is made through the 
panniculus , the aponeurosis is cleared of fat over an area about one inch wide 
and bleeding is controlled 

The strips of fascia are cut on either side of sufficient length to be carried 
down retropubically and encircle the urethra The length of these strips, 
naturally, must be estimated and will vary, depending upon the width of the 
symphysis pubis, but if they ai e carried up to the level of the anterior superior 
spines of the ilia they will be of sufficient length, even though the symphysis 
IS quite wide The strips will be composed of the aponeuroses of both external 
and internal oblique They are separated from the subjacent muscle and, thus, 
mobilized down to their bases The medial end of each strip is left attached 
at about i 5 cm from the midline The incisions in the aponeuroses are then 
closed with continuous sutures of No i chromic catgut, the fat approximated 
with interrupted sutures of double zero chromic catgut and the skin closed 
with continuous fine silk, leaving a small unclosed space at the lower portion 
of the incision The fascia strips are placed in this space and covered with 
moist sponges The closed portion of the abdominal wound is covered with 
sterile towels 

The operator is then seated for the vaginal portion of the operation The 
labia minora are sutured laterally for good exposure and a posterior retractor 
placed in the vagina An Allis clip is placed in the urethral meatus and a 
second one in the midline on the vaginal wall about six centimeters back 
from the first A midline incision is then made through the vaginal mucosa, 
extending from about l cm from the urethral meatus back for about $ cm 
The vaginal mucosa is dissected laterally and the fascia stripped from it If 
the operator intends to combine the Goebell-Frangenheim-Stoeckel procedure 
with urethral plication, this is done as previously described 

No attempt is made to dissect digitally lateral to the urethra, as suggested 
by Aldridge and Studdiford The author does not believe that this is neces- 
sary and bleeding may be avoided by omitting it However, the index finger 
of the left hand is placed at the left side of the urethra Then, using a long 
Kelly clamp in the right hand, the space of Retzius is entered from above by 
penetrating the rectus muscle at the base of the fascial strip The point of the 
clamp IS directed downward and against the periosteum of the symphysis By 
taking this precaution the author has never perforated the bladder or had any 
persistent hemorrhage In most cases, the bleeding is ml The Kelly clamp 
is then forced down lateral to the urethra, aiming at the tip of the left finger 
below In some instances, the fascia at this point is so tough that it is perfor- 
ated with difficulty by the blunt Kelly clamp but a small cut with the scalpel 
directly over the point of the clamp permits it to perforate Then the clamp 
IS opened slightly and a second clamp, similarly opened, is fed into the jaws 
from below Both clamps are shut and traction made on the upper clamp as 
the lower clamp is pushed Then the end of the left fascia strip is fed into the 
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ja^^s of the lo^^er clamp and the clamp withdrawn from below This is 
repeated on the opposite side, and, thus, the ends of both strips are delivered 
beneath the urethra. Tlie straps are over-lapped slightly, any excess is cut off, 
and the strips sutured together Mith three or foui interrupted sutures of 
medium silk Care is taken to get the pi oper amount of tension on the straps 
to give the patient continence This is tested by distending the bladder through 
a glass catheter and making moderate suprapubic pressure The excess of 
mucosa is excised and the \aginal iiound closed with interrupted sutures of 
No o catgut The small midpoition of the abdominal wound is then closed 
We prefer not to use an indwelling catheter, but if the patient fails to void 
spontaneously within several days, we occasionally resort to it 

VES1C0V\G1N-VL FISTULA 

The subject of vesicovaginal fistula dates fiom antiquity Since the liter- 
ature contains many historical sketches of the subject no attempt at such a 
review’ w ill be made here, but reference w ill be made to a few’ of the milestones 
m the de\elopment of our present operative know’Iedge No one man is 
responsible for this Imow ledge, it having been acquired step-by-step through 
the tireless efforts of surgeons dating back to the 17th century Before that 
time the condition w as considered hopeless and one sees references even as late 
as the middle of the i8th centurj’ to the treatment of these fistulae by the 
w'earing of a pulverized toad in a little bag over the pit of the stomach The 
more practical-minded of these times devoted their efforts to making recep- 
tacles to catch the urine, and, thus, make the life of the victim more endurable 
The first real surgical contribution w'as made by a Hollander, H Van 
Roonhuyse,^'’ whose contributions w’ere far m advance of his time and appar- 
ently overlooked by many later writers w'ho fumbled about with much less 
rational methods In 1672 Van Roonhuyse recommended 

The placing of the patient in a position appropriate for lithotomy 
The satisfactory exposure of the fistula by a retracting speculum 
The thorough denudation of the margins of the fistula 
The approximation of the denuded edges by means of quills thrust through 
the edges of the wmund and held m place by silk threads 

The dressing of the wound wuth balsam and absorbent vaginal dressings 
The patient kept quiet m bed until the parts had healed 
There is no report of Van Roonhuyse’s successes and failures but Johannas 
Fatio^'^ of Basel reported on tw'o cases successfully operated upon by him in 
1675 and 1684 He states that he employed the “method of the skilled phy- 
sician, Van Roonhuyse ” 

Little progress was made after that until 1839, when George Hayward,^® 
at the Massachusetts General Hospital, reported nine cases in which he 
described the important technical point of detaching the vagina from the bind- 
er. Then came ether anesthesia, and it was probably used for the first time 
or this operation by Hayw’ard, in 1847 1846, Metzer,^® of Prague, 

escribed using an instrument very much like the Sim’s speculum In 1847, 
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John Mettauer,"° of Virginia, hist used twisted metal (lead) sutures In 1852, 
Wutzer,“i of Bonn, repoited cunng 11 out of 35 patients He first used 
suprapubic diainage 

In 1845, Jobeit de Lamballe-*- desciibed Ins incision for relieving tension 
on the fistula sutuie line It consisted of a tiansverse vaginal incision anterior 
to the cervix, thereby the bladder could be freed from the cervix Gustav 
Simon, who was a pupil of Jobert, and appreciated the value of easing the 
tension on the suture line, attempted to do this by the use of tension sutures 
instead of incisions 

Marion Sims’”^ first paper on vesicovaginal fistula appealed in 1852, and 
it IS generally conceded that he is the father of surgery foi vesicovaginal 
fistula in America There is no doubt that he attained greater success than 
anyone up to his time It is interesting to note, houevei, that his operation 
was not new Each step had been used and described before by the surgeons 
mentioned above, and others The only innovation which Sims contributed 
was the use of silver wire This was, m truth, one of the greatest contributions 
and Sims guarded his priority with such jealousy that he devoted most of his 
anniversary oration before the New York Academy of Medicine, m 1857, to 
defending it He declared it to be “the most impoitant contribution as yet 
made to the surgery of the present centur}^ 

“The only thing compaiable to it is etherization, and m practical results 
of permanent benefit, it is absolutely contemptible, w hen compared ^\ ith those 
from the universal use of silver sutures in the broad domain of geneial 
surgery ” 

Since the time of Sims there have been changes and refinements in 
technic but nothing revolutionary These points will be discussed 111 consid- 
ering the principles which we have used in operating upon these reported 
cases The present senes consists of 41 patients with vesicovaginal fistula 
upon whom we have operated during the past ten years 

Causes and Pievcntion Much can be learned about the prevention of 
vesicovaginal fistulae by a study of the causes We have listed the causes in 
Table I 


Table 1 

41 CASES OF VCSlCOVAflNAL FISTUI A 

Causes 

Vaginal delii ery 

Rupture of uterus bladder and vagina following pituitnn during labor 

Total abdominal hysterectomy 

Subtotal abdominal hysterectomy 

Radium treatment for carcinoma of cervix 

Radium treatment for benign bleeding 

Radium and total hysterectomy for carcinoma of cervix 

Manchester operation 

Colpotomy 

Cesarean section 

Vaginal removal of cerv ical stump 
Automobile accident 
Biopsy bladder tumor 


Number of Cases 
8 
1 

IS 

2 

3 

1 

3 

1 

1 

1 

3 

1 

1 


Total 
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The sti iking thing noted is the 1o\n incidence of fistiilae due to vaginal 
dehveiies and tlie high incidence due to total abdominal hystei ectomy Fifty 
}ears ago ohstetiical iiij lines weie lesponsible foi moie fistulae than all other 
causes conibined Due to the niipiovenient in obstetiics the incidence of 
fistulae due to delneiies has been i educed to a niimmuni (Eight out of oui 
41 cases) On the othei hand, iMtliin the past decade there has been a tie- 
inendous inciease in fistulae lesulting fioin total abdominal hysterectomies 
(15 of our 41 cases) This is the lesiilt of a gieat siMiig towaid total hysterec- 
toim on the pait of Anieiican opeiatois Many publications fiom the laiger 
g}necologic clinics ha\e ad\ocated loutine renioial of the cervix whenever 
the uteius is iemo\ed As a lesult of this many suigeons have adopted this 
practice who lack the expeiience or suigical skill to do the opeiation expertly 
From this souice come most of the Nesical fistulae seen today It is not the 
purpose of this paper to discuss the lelatne nieiits of total and subtotal 
hysterectoni} , but it behooies evei} mexpeiienced suigeon to take council 
with his conscience before perfoimmg the total opeiation in cases wdieie the 
lesser procedure will cine the patient It is tiue that vesicovaginal fistula does 
occasionally occui as a sequel of a \eiy difficult subtotal hystei ectomy, as is 
shown in this series, but bladdei damage in the i un-of-the-mine subtotal 
hysterectomy is inexcusable 

The fi\e cases in the series in which vesicovaginal fistula follow^ed ii radia- 
tion for cen ical cancer does not represent the total number of fistulae occur- 
ring in our Radium Clinic but only those cases m wdiich repair w^as attempted 
In tw o cases irradiation and total hysterectomy pi eceded the fistula In one of 
these the cause was obviously irradiation, for the fistula appeared ii years 
after the surgery and iriadiation In the other it was impossible to be ceitain 
which of the two factors was responsible for the fistula 

The three cases of fistula followung vaginal lemoval of the ceivical stump 
are w^orthy of note One of these cei vices w^as removed by electrosurgical 
means and the others by scalpel It is our belief that, generally, it is a safer 
procedure to remove a cervical stump transabdominally, if a complete lemoval 
is desired If a partial removal is all that is requiied, it can safely be removed 
per vaginmn with the electrosurgical instrument As a result of pentonealizing 
the cenucal stump at the time of the subtotal hysterectomy, the bladder is 
often intimately bound to it, so the more or less blind dissection from below' is 
hazardous to the bladder 

Results Of the 41 patients wnth vesicovaginal fistula, excluding those 
WTth complete destruction of the urethia, 37 w'ere cured The results are 
shown in Table II 

In two of the successful cases, three operative attempts w'ere made m our 
clinic before the fistula w'as finally closed , in seven cases two attempts w'ere 
necessarj' and in the rest the closures were successful as a result of our first 
^tempt Only 15 of the 41 patients came to us for the first attempt at closure 
even had had one previous attempt , eight had had tw'o previous attempts , 
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four had had three attempts , and three had been operated upon unsuccessfully 
seven times before coming to our clinic 


Table II 

RESULTS OF SURGERY ON 41 CASES OF VESICOVAGINAL FISTULA 


Operations 



Name 

Previous Attempts 

on Our Service 

Result 

1 

MT 

None 

1 vaginal 

Well 

2 

J F 

2 1 shortly after deln ery, 1 a year before admission 

1 vaginal 

Well 

3 

BV 

1 3 months after occurrence 

3 1st — abdominal 

Well 

4 

AF 

2 1 two weeks after occurrence and another 6 years later 

2nd — vaginal 

3rd — Vagina! 

1 vaginal 

Well 

5 

ER 

None 

2 complete closure 

Well 

6 

FL 

I 5 months after occurrence f 

of ragina 

1 vagiml 

Well 

7 

LJ 

1 6 weeks after occurrence 

3 \ agiml 

Well 

8 

HE 

2 

2 1st — abdominal 

Well 

9 

M F 

I S months after occurrence 

2nd — \ aginal 

1 vaginal 

Well 

10 

HM 

None 

1 vaginal 

Failure 

11 

ER 

None 

1 t aginal 

Well 

12 

0 D 

3 at monthly intervals beginning 1 month after occurrence 

2 vaginal 

Well 

13 

FR 

None 

1 vaginal 

Well 

14 

DG 

1 7 months after occurrence 

2 vaginal 

Failure 

IS 

M H 

1 4 months after occurrence 

1 \ aginal 

Well 

16 

GH 

None 

1 vaginal 

Well 

17 

D H 

2 6 years before admission vaginal and abdominal 

1 abdominal 

Well 

18 

ET 

7 4 abdominal and 3 vaginal over 4 years 

1 vaginal 

Well 

19 

JMc 

None 

1 vaginal 

Well 

20 

GS 

1 2 months after occurrence 

1 vaginal 

Well 

21 

DH 

1 2 months after occurrence 

1 vaginal 

Well 

22 

BH 

None 

1 vaginal 

Well 

23 

DT 

3 1 month, 3 months, 16 months after occurrence 

1 vaginal 

Well 

24 

ES 

None 

2 vaginal 

Well 

25 

26 

E B 

RC 

2 1 vaginal S months after occurrence and intra abdominal 

I month later 

7 Between 1938 and 1943 

1 vaginal 

1 vaginal 

Well 

Well 

27 

ED 

1 Abdominal 

1 vaginal 

Well 

28 

R P 

None 

1 vaginal 

Failure 

29 

Y B 

1 2 years after occurrence 

1 vaginal 

Well 

30 

KN 

7 1st 2 months after occurrence, next 3 attempts in 3 months 

1 vaginal 

Well 

31 

ER 

2 

1 vaginal 

Well 

32 

M H 

3 

2 1st — abdominal 

Well 

33 

NJ 

None 

2nd — vaginal 

2 vaginal 

Failure 

34 

EC 

None 

1 vaginal 

Well 

3S 

PL 

None 

1 vaginal 

Well 

36 

AW 

1 vaginal S months after occurrence 

1 vaginal 

Well 

37 

RN 

2 1st 1 year after occurrence, 2nd 2 weeks later 

1 vaginal 

Well 

38 

NJ 

3 1 abdominal 9 days after delivery, 2 vaginal 

1 vaginal 

Well 

39 

KD 

None 

1 vaginal 

Well 

40 

RG 

2 1st S months after occurrence, 2nd shortly after 

1 vaginal 

Well 

41 

EK. 

None 

1 vaginal 

Well 


PRINCIPLES OF VESICOVAGINAL FISTULA SURGERY 
There is no field in surgery in which the operator is thrown more com- 
pletely on his own resources than when he is dealing with a vesicovaginal 
fistula Each case is a problem unto itself, and often the operator must impro- 
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vise rather than carry out his pieviously carefully planned operation Hence, 
in this paper no attempt will be made to describe typical operations but prin- 
ciples will be discussed \\hich we feel have contributed to the success of this 
series of difficult operations Even though some of these principles are old 
they amII bear repetition, foi it is obvious from the number of failures to cure 
vesicovaginal fistulae that they aie often not applied 



Fig 6 — Schuchardt incision 


The advantage of having the tissues in the best possible condition before 
attempting closure is great After the occurrence of a fistula, five or six 
months should elapse before surgery is attempted Hunner has emphasized 
this repeatedly but a glance at Table II will show that many operators do not 
observe this rule After this first failure, the surgeon often makes another 
attempt, sometimes within a few weeks Possibly a sense of guilt in having 
had a hand in forming the fistula urges him to try again and again before the 
edema and infection of the previous operation have subsided Each failure 
increases the amount of scar tissue and decreases the patient’s chances of an 
ultimate cure The situation should be explained to her, and in most instances 

81 



R W TE LINDE 


Annals of Surgorj 
J u I 5 19 4 7 


she will gladly wait to bettei her chances of ultimate cuie While the patient is 
awaiting surgeiy, she should be instructed to take sitz baths and to iiiigate 
the vagina with potassium peimanganate solution (i~8,ooo) oi with a weak 
vmegai solution This pi events and dissolves uiinary salt incrustations and, 
m general, impioves the condition of the tissues 

The approach to the opeiative field should be given considerable thought 
More and more we favoi the vaginal approach In this series the abdominal 
approach was used only five times, and it should be noted that only one of 
these was successful In the other foui cases the fistulae were cured by a 
second vaginal operation Almost nevei is an obstetrical fistula approached 
to advantag'e by the abdominal route Formeily, we occasionally attacked a 
high postoperative fistula thiough the abdomen but by using the Latzko vag- 
inal method we believe it will larely be necessaiy in the future About the 
only time it will be necessary to lesoit to the abdominal route will be in 
those cases m which the lugh fistula is inaccessible vagmall}’^ because of pre- 
vious operations making the vagina narrow' and rigid Before giving up the 
vaginal approach, one should ahvays remembei that a deep vagina can be 
made relatively shallow by the Schuchardt incision (Fig 6) Most of our 
vaginal operations are done with the patient m the lithotomy position but occa- 
sionally w'e use the Suns’ left lateial or the knee-chest position 

Special attention should be directed to the Latzko method of closure of 
high vesicovaginal fistulae It is particularly important foi suigeons to lecog- 
nize and use this piocedure because it is so w'ell adapted to the evermcreasmg 
numbei of fistulae follow'ing total hysterectomy In 1933,"’’ Latzko described 
partial colpocleiSis for fistulae following panhysterectomy The method is 
illustrated m Figure 7 The piocedure is usually relatively simple to execute 
and we have had no failures m closing these postoperative fistulae since we 
have used it Inasmuch as these fistulae aie at the apex of the vagina, the 
amount of vaginal shortening is negligible, unless the fistula has been greatly 
increased m size by previous unsuccessful operations In one of the above 
cases in which there had been seven pievious attempts at closuie, it w'as nec- 
essary to close the upper two-thirds of the vagina Although this is undesir- 
able, the inconvenience is nothing compared to that of the preexisting incon- 
tinence I am convinced that this particular fistula could not have been closed 
by any other method 

Although the sine qua non for the use of tlie Latzko teclmic has ahvays 
been that the patient’s uterus be previously removed, we have recently found 


Fig 7 — Tjpical Latzko operation for closure of post-panhysterectomy vesicovaginal 
' fistula 

' A Line of incision 

, B Denudation of vaginal mucosa 

C Anterior and posterior vaginak mucosa has been removed ' 

D First layer of interrupted mattress sutures 
E Second layer of sutures 

F Qosure of vaginal mucosa with silver wire sutures 
G Completed operation 
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an extension of its use, which is illustrated in three cases in this series In 
these three cases the patients had been treated by irradiation for cervical 
cancer several years befoie The cancer had been completely cured and the 
cervix totally eradicated by the radium, but the patients were left with large 
vesicovaginal fistulae The extreme scarring so fixed the tissues that the 
condition would have been quite inoperable by any other technic Denuding 
the vaginal mucosa both anteriorly and posteriorly and approximating the 



vaginal walls over a broad area cured two of the three cases (Fig 8) Includ- 
ing the obliterated cervix in the bladder apparently is quite innocuous The 
third patient still has slight leakage Although this procedure is applicable in 
only a small percentage of irradiation fistulae, it can give relief to a selected 
few women 

Before leaving the subject of the approach to the operative field, I should 
like to say that I have never seen a vesicovaginal fistula which seemed to be 
best approached transvesicaliy, as practiced by some urologists It is difficult 
for us to conceive of a case in which this would be advantageous 
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In general, we prefer to close fistulae vagmally with the split-flap technic 
and approximate broad surface to broad surface After dissecting the vaginal 
mucosa free, for about two centimeters around the circumference of the 
fistula, the edge of the bladder opening is inverted into the bladder, using a 
running Cushing stitch or an interrupted stitch of the same type (Fig 9 B) 
In the more difficult cases the interrupted stitch is usually advantageous Fine 
catgut should be used for this and, in tying, the tissues should be approxi- 
mated but not strangulated After the first suture line is placed, the bladder 



A Showing defect and line of incision 

B Showing method of placing first layer of interrupted catgut sutures, mvertins edee 

into bladder 


closure is tested For this we use a weak solution of steiilized milk This was 
first demonstrated to me by Guy Hunner It is far superior to methylene blue 
solution because, if there is very slight leakage, a drop of the milk stands out 
very plainly against the bloody background In addition, the milk does not 
stain the tissue, as does methylene blue solution This is a distinct advantage 
if there is much leakage and if one is working at some depth where illumina- 
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tion IS difficult If leakage is demonstrated, further closure is done If there 
IS no excessive tension, a second line of sutures may be used to approximate 
the raw surfaces However, if a second suture line has a tendency to result 
in too much tension, it is best omitted The ragged avascular and scarred 
vaginal mucosa is then trimmed in order to he sure of good blood supply for 
healing In the simple cases fine catgut may be safely used for suturing the 

. , , ^ vaginal mucosa, but in the difficult 
cases where there is excessive scar 
tissue from previous operations and, 
perhaps, a little more tension than 
desiiable, there is no suture material 
equal to No 26 silvei vire It can be 
left in place for two weeks 01 longei 
as its lesistance to infection in this 
unclean field is truly reinaikable Al- 
though I cannot go quite as far as its 
discoverei (J Marion Sims) and 
claim It as a greatei discover)^ than 
etherization, I have great enthusiasm 
for Its use in difficult fistulae I prefer 
to place It as a mattress suture, eveit- 
ing the mucosal edge and approximat- 
ing bioad undersuiface of the mucosa 
to broad surface When these sutures 
aie placed, I also like to pick up a bit 
of the subadjacent tissue to obliterate 
dead space (Fig 9C) When condi- 
tions ai e such that a double-layer clo- 
suie is impossible, silvei ware is ad- 
mirabl}^ suited foi approximating the 
tissues in a through-and-through 
manner In such cases tension can 
often be leleased by making a prop- 
erly placed relaxing incision through 
tiie mucous membiane 

Many a peifectly executed opera- 
tive closuie IS luined b)’’ improper 
postoperative care The essential 
point in postoperative care is bladder 
drainage Occasionally, we close a simple fistula and permit the patient to get 
up to void immediately after recovering from the anesthetic If she is unable to 
void, we prefer an indwelling catheter to repeated catheterization In the diffi- 
cult cases we believe bed rest up to two weeks is advisable and during this time 
foolproof drainage is essential To provide this we frequently provide double 
drainage in the foim of a theiapeutic vesicovaginal fistula or suprapubic 
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Fig 9 — Closure of large vesicovaginal 
fistula 

C Closure of vaginal mucosa with in- 
terrupted mattress sutures of silver wires 
everting mucosa Note that sutures pick 
up subadjacent tissues to close dead space 
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drainage in addition to the indwelling urethral catheter Then, if one route 
becomes stopped, the othei will provide drainage If there is ample space 
above the level of the trigone, we prefer vaginal cystotomy A mushroom 
catheter is inserted through a shoit midline vaginal incision and sutured in 
place with a heavy silk suture (Fig lo) In the more difficult cases in which 
previous attempts have been made the anterior vaginal wall may be so scarred 


e I' u 






Fig 10 — Double bladder drainage through urethra and vaginal 

cystotomy 


that a cystotomy is inadvisable In such cases we resort to a supiapubic drain- 
age tube, also in the form of a mushroom catheter (Fig ii) The vaginal 
cystotomy closes spontaneously in a remarkably short time after withdrawal 
of the catheter two weeks later, if the incision has not been made through scar 
tissue The suprapubic diamage tiact also heals spontaneously withm a few 
days The patency of the catheters is tested by injecting a few cubic centi- 
meters of normal salt solution daily With the precaution of double drainage 
\\e have never felt it necessary to toiture the patient by forcing her to he 
m the prone position 
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By the application of these principles we have cured 90 per cent of this 
series of fistulae, many of which had had repeated unsuccessful attempts at 
closure 


CONSTRUCTION OF THE DESTROYED OR CONGENITALLY ABSENT URETHRA 

Among the most difficult cases of incontinence to cure surgically are those 
resulting from complete destruction or congenital absence of the urethra, 



Fig 11 — Double bladder drainage through urethra and suprapubic cystotomy 


including the region of the internal sphincter Occasionally, one encounters 
such a condition as a result of childbirth injury and we have even seen one 
case in which the entire urethra was cut away by an operator m attempting to 
repair a cystocele However, the majority of such cases seen in our clinic are 
the result of destruction of the urethra by lymphopathia venereum Such 
lesions, at times, heal spontaneously, leaving the patient without a urethra but 
the tissues are left in a state of chronic edema and fibrosis The tissues are 
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difficult to work on surgically, which adds to the already difficult task of per- 
forming plastic suigery in a field in which a certain amount of infection is 
inevitable 

klany operations have been devised for the formation of a urethra and the 
existing conditions m the urethral region suggest the best procedure to the 
operator Regardless of his choice, failures m restoring continence will be 
frequent, for even though a perfect mucosal tube is formed, the sphincter is 
often still deficient 

The operation described here was conceived more or less independently 
by Dis E H Richardson, Houston Everett, and the author, and we have used 
it with some success, but also with some failures It is well suited to a case 
such as IS illustrated m Figure 12 

A U-shaped flap of vaginal mucosa is dissected free, as shown in Figure 
12 A, B When held forw^ard, the under surface of the trigone and sphincter 
region of the bladder is exposed The sphincter is tightened by using a few 
interrupted sutures of medium silk (Fig 12 B) In Figure 12 C, these silk 
sutures have been tied and the tissue inverted The flap of mucosa is drawn 
dowmward and an area about 6 or 7 mm in width is denuded forward on 
either side for a distance equal to the length of the flap (Fig 12 D) 

The edge of the flap is held forward with a smooth dissecting forceps and 
curled under, so that the raw surface of the flap may be sutured to the anterior 
denuded area (Fig 12 E) Interrupted sutures of No 00 chromic catgut are 
used This is repeated on the other side, thus, forming an epithehal-lmed 
tube to serve as a urethra 

The wound is closed by approximating the mucosal edges with interrupted 
sutures of No o chromic catgut (Fig 12 F) This buries the newdy con- 
structed urethia and closes the wound The bladder is kept empty by means 
of a catheter in a surgically made vesicovaginal fistula, placed posterior to the 
newly made urethra 


TJRETERO VAGINAL FISTULA 

Incontinence of urine due to uretero vaginal fistula usually results from* 
operative injury to the ureter When the ureter is transected but not ligated 
and the injury unrecognized at the operating table, urine may appear in the 
vagina almost immediately following the operation More often the lower 
ureter sloughs as a result of accidental crushing or interference with its blood 
supply as in a Wertheim operation for cervical cancer Then urine appears in 
the vagina several days after the hysterectomy The question immediately 
arises as to wdiether one is dealing with a vesicovaginal or ureterovaginal 
fistula The answ^er is easily obtained by filling the bladder wuth methylene 
blue solution If the vaginal urine is unstained it is obvious that it is the 
ureter wdiich communicates with the vagina Cystoscopic observation of the 
ureteral orifices wull readily prove wffiich ureter has been injured A ureteral 
catheter passed up the nonspurting ureter will meet an obstruction, indicating 
the site of the injury 
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One next pioceeds to deteimine the function of each kidney A differential 
phthalem test is done by collecting from the uninjured side transvesically 
through a urethral catheter and collecting fiom the injured side in a bed pan 
Intravenous urograms should be made on discovery of the fistula to determine 
the status of the uppei segment of the injured uretei, the kidney pelvis and 
calices Sooner oi later these structuies will show dilatation as scar tissue con- 
tracts about the injury in the meter and if the condition is neglected kidney 
function will suffer 

A cuie of the incontinence can be effected by nephrectomy, but nephrec- 
tomy is an admission of defeat and one’s plan should be to save the kidney by 
peifoiming an anastomosis between the segments of the ureter or the upper 
segment of the uietei and the bladdei Choosing the optimum time for this 
surgery is a mattei of the keenest suigical judgment If the operation is 
undei taken too soon, the pelvic tissues in the legion of the ureter will be 
edematous, and the delicate surgeij^ will be extiemely difficult If, on the 
othei hand, one waits too long the function of the kidney will be reduced or 
even completely destroj^ed The urge to opeiate vitbm a week or two after 
the original opeiation is often iiiesistible to the surgeon who is responsible 
foi the fistula, but failure is the usual outcome of such early attempts It is 
desirable to allow as much as six weeks to elapse befoie undertaking the 
anastomosis Howevei, ciicumstances sometimes force the surgeon to operate 
before this time As one aw'aits the passage of the six weeks, scai tissue foims 
about the injuied ureter and its coiiti action may interfere wnth diainage, 
lesultmg in back pressure on the uretei, kidnej^ pelvis and calices Slowdy, but 
surely, this wall destioy the kidney function The sudden cessation of vaginal 
drainage usually is an indication for not too much delay in the contemplated 
anastomosis The effect on the kidney should be w'atched by taking intrave- 
nous urograms at frequent inteivals Pyelitis may occui as a result of faulty 
drainage This may be an indication for immediate surgery, but if it occurs 
shortly after the original operation, a temporal y nephrostomy may be advis- 
able which IS permitted to function wdiile one is w'aiting for the tissues in the 
operative field to get into condition for fuither surgery If operation upon 
the uietei must be undertaken in the presence of infected urine, postoperative 
medication with sulfonamides and penicillin should be carried out 

Upon undertaking the anastomosis one must decide at the opeiation 
whether uretero-ureteral or ureterovesical anastomosis is the proceduie of 
choice In general, ureterovesical anastomosis is an easiei pioceduie, and the 
chances of success are greater, but the high position of the injuiy may make 
it impossible to draw the ureter dowm to the bladdei wuthout excessive ten- 


Fig 12 — A A “U”-shaped incision is made through the vaginal mucosa 

B Mucosal flap has been freed and pulled forward Three interrupted sutures of 
medium silk are placed to tighten sphincter region 

C Sphincter sutures have been tied, inverting tissue 

D Mucosal flap has been pulled downw'ard and areas denuded anteriorlv on both sides 
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Fig 12 — E Flap is sutured anteriorly 
with No 00 chromic catgut, rolling flap inward 
so as to approximate raw surface to raw 
surface 

F Mucosal edges are approximated over 
the newly formed urethra with interrupted su- 
tures of No 0 chromic catgut 

G Bladder is kept empty by means of a 
catheter in a surgically made vesicovaginal 
fistula placed posterior to plastic work 
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Sion Often, however, it is possible to bring the bladder up to the severed 
ureter for a considerable distance We have noted no advantage m attempting 
to perform the anastomosis retroperitoneally 

Just before operation the patient should be cystoscoped and a ureteral 
catheter passed as far as possible up the lower segment of the injured ureter 
This enables the operator to identify 


the lower portion of the ureter easily 
Without this precaution the lower 
segment, buried m the edematous 
tissues, may be located only with 
great difficulty If uretero-ureteral 
anastomosis is done, the catheter can 
be pulled up and used as a splint for 
the anastomosis The anastomosis is 
done in an end-to-end manner sutur- 
ing the ureteral walls together 
loosely with No ooo chromic catgut 
(Fig 13) The catheter is left in 
the ureter for approximately ten 
days During this time the patient 
is given chemotherapy prophylac- 
tically, fluids are forced and the 
catheter is inspected frequently to be 
certain that the lumen is patent If 
it becomes obstructed, it should be 
irrigated, using a few cubic centi- 
meters of sterile saline solution in a 
syringe 

In performing an implantation of 
the ureter into the bladder, the ure- 
ter is dissected free for a sufficient 
distance to permit its implantation 
Excessive freeing of the ureter only 
strips It of blood supply and in- 
creases the danger of sloughing 
Since most ureteral injuries occur 
during panhysterectomy, the uterus 
IS out of the way and the ureter can 
be brought directly down to the 



Fig 13 — Uretero-ureteral anastomosis 
around ureteral catheter 


vertex of the bladder If the uterus has not been removed, the shortest path 
to the bladder is through a perforation in the broad ligament (Fig 14) The 
lower end of the ureter is split for about 5 mm and a substantial bite is taken 
into each part of the divided end, using No 00 catgut The vertex of the 
bladder is held with mucosa clips and a short incision made in it The cathe- 
ter, which had previously been inserted through the cystoscope up the lower 
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Fig 14 — Implantation of ureter into bladder 

A Ureter has been dissected free and cut across Opening has been made through 
broad ligament into bladder, and end of catheter has been introduced into it Mattress 
sutures have been placed m end of ureter, passed into bladder and cut through wall of 
bladder * 

B Mattress sutures have been tied and a fixation suture placed through bladder wall 
and muscular coat of ureter 

C Bladder-wall incision is approximated with a mattress stitch 

D This mattress stitch has been tied, and implantation has been completed 

E Uterus and serosal surface of bladder are sutured together to relieve any tension 
that might develop at anastomosis 
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segment of the seveied uietei, is picked up in the bladder and the end with- 
drawn through the bladdei opening It is threaded up the uretei wdiich is to 
be implanted foi seveial centimeters The four ends of the two sutures wdnch 
were previously placed in the end of the meter are then rethieaded on round 
needles and earned into the bladder and then out on opposite sides of the 
bladder incision (Fig 14 A) These sutures are tied as shown in Figure 14 B 

A third stitch is taken to fix the ureter to the bladder ivall (Fig 14 B) A 
mattress suture, or two, are used to complete the closure of the bladder wall 
If there is tension an attempt should be made to relieve it by fixing the bladder 
m a high position If the anastomosis has been satisfactory, 5 Gm of sulfanila- 
mide pow'der is dusted into the opeiative field and the abdomen closed without 
drainage If there is doubt about the quaht}^ of the anastomosis, a cigarette 
dram should be placed dorvn to the operative legion and brought out retro- 
peritoneally through a small stab wound As 111 uretero-ureteral anastomosis, 
the ureteral cathetei is left m place foi about ten days A rubber urethral 
catheter is also left m the bladder and the catheters w'atched to make certain 
they are patent at all times Chemotherapy is administered during the 
convalescence 

From reviewing our experience of the past decade, it is apparent that 
most cases of urinaiy incontinence are curable surgically In order to effect 
a cure m a high percentage of cases, surgical principles which have evolved 
out of the experience of maii}^ operators dm mg several decades must be 
heeded Ingenuity m planning each case and meticulous care in executing the 
surgical procedures are essential, but the rew^ard is a successful outcome, which 
transforms the life of the patient from an almost unbearable existence to that 
of a normal wmman 
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Discussion — Dr Edward H Richardson, Baltimore, Md This exceptionally 
clear and comprehensive presentation by Doctor Te Linde leaves little to be added to 
the subject Certainly, he is to be congratulated upon the high percentage of success 
he has obtained, especially m his management of the more difficult types of fistulae 

Of the manj valuable lessons contained in this paper, time will permit me to focus 
attention upon only a few First, the lamentable fact that the altogether unwise and 
inaccurate propaganda of recent years, advocating routine total hysterectomy for benign 
disease, has obviously led many surgeons who are inadequately trained to undertake this 
operation, with the inevitable result that postoperative urinary tract fistulae are multiply- 
ing all over the country at an inexcusable rate This, too, m spite of the fact that 
several operative procedures have been devised that, if accurately imitated, would certainly 
reduce the incidence of this distressing sequela to a minimum In 1929, after an intensive 
study of tlie anatomy involved, I published my technic for abdominal total hysterectomy, 
which is reproduced in Doctor Te Linde's recently published “Operative Gynecology” 
One of the main objectives in designing that operation was to avoid urinary tract 
fistulae, and if the technic described is rigidly adhered to, none should occur, as witness 
the fact that m my own series of cases since 1929 I have not had a single postoperative 
fi‘:tula develop 
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Secondl}^ we have been shown that there is no single operative procedure that can 
be successfulh^ applied to all types of urinaiy incontinence Each patient must first be 
comprehensive!}^ studied and all therapeutic factors maishaled for surgical attack that 
can in any way contribute to a successful operation Obviously, this program must 
include a thorough prehminaiy general diagnostic study with therapy directed to attain- 
ment of the best possible physical and mental condition of the individual patient, it must 
include specifically an expert urologic study, it must take care that the tissues to be 
utilized for plastic repaii are m suitable condition, that is, free from infection, edema 
and impaired circulation All these factors may contribute to defeat if sufficient time, 
often a matter of six months, or more, is not allowed to elapse for tissue recovery 
subsequent to the original trauma or to repeated unskilled attempts at reconstruction 

Thirdly, we have been reminded of certain aids, the intelligent use of which often 
gieatly simplifies the plastic procedure Included among these are (i) optimum expo- 
sure, to be obtained by choice of posture (the dorsal posture with elevation of the hips, 
the Sims posture or, occasionally, the knee-chest posture) , by utilizing episiotomy or 
Schuchardt’s pararectal incisions , and by the use of properly placed traction sutures , 
(2) indwelling catheters m the ureters to avoid occlusion by sutures, (3) the combined 
extraperitoneal abdominal and vaginal approach when essential to success, and (4) deli- 
cately constructed instruments specifically designed for this work 

Finally, emphasis has properly been placed upon strict observance of the fundamental 
principles of plastic surgery, namely, (i) free mobilization of the margins of the fistula 
b} liberal dissection of the vaginal wall from the bladder on all sides , (2) excision of 
scar tissue along the margins to a vascular base, (3) judicious hemostasis, (4) accu- 
rate approximation of the margins, with an adequate zone of adjacent bladder wall, (s) 
avoid inclusion of bladder mucosa between the approximated margins, (6) avoid 
excessive use of sutures lest ischemic necrosis result, (7) avoid a vertically superimposed 
suture line in closing the vaginal wall and use fine silver wire for the latter, so placed 
as to obliterate all dead spaces but not penetrate the bladder mucosa, (8) the use of a 
therapeutic secondary fistula, either vesicovaginal or suprapubic, as may be indicated, 
with an indwelling catheter to keep the bladder at rest for 12 to 14 days, and (9) 
meticulous postoperative supervision 

These are the guiding principles m the successful management of urinary incontinence 
in women, and I am sure that all of us will agree that Doctor Te Linde’s slides, together 
with his discussion of the subject and his excellent statistics, prove quite conclusively 
that not only is he quite familiar with all of them but also that he possesses uncommon 
skill and resourcefulness in their practical application 

Dr Curtis H Tyrone, New Orleans, La We are indebted to Doctor Te Linde for 
his very excellent portrayal of this subject, and to Doctor Richardson for his comment 
I can certainly agree with him that the number of fistulae from hysterectomy is increas- 
ing, and in the last ten years I have seen only one case in which the fistula was due to 
obstetrical injuries 

Doctor Te Linde stressed the use of silver wire in the correction of vesicovaginal 
fistulae I was “raised” on silver wire, but in the last few years I have become converted 
to cotton The use of cotton after the bladder mucosa has been closed has worked very 
successfully m the last few years I think one most important point in closure is 
thorough mobilization of the bladder mucous membrane 
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GANGRENE (NONINFEGTIVE) COMPLICATING FRACTURES* 

George H Yeager, M D 

BaLTIMOKE, MAnYlAND 

FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF MARYLAND MEDICAL SCHOOL BALTIMORE MD 

Literature on fractures as well as on circulatory disturbances is ex- 
tensive Published observations on soft tissue and vascular damage associated 
with fractures are comparatively rare 

Since soft tissue injuries are extremely common, this represents some- 
what of a paradox Even though the majoiity of fractures do not present 
gross evidence of soft tissue injury, it is inconceivable that some damage has 
not occurred Fortunately, most of this ultimately proves to be of relative 
unimportance However, is it not possible that in emphasizing the treatment 
of the tangible — ^the fracture — we have, to a certain extent, minimized the 
implications of that which is often intangible, e g , soft tissue injury? Frac- 
tures are often the sequela to an injury which, of itself, monopolizes all atten- 
tion, and anything else appears to be of relative unimportance Perhaps it 
would be a better policy to emphasize and discuss more frequently the poten- 
tial complications of fractures Certainly, we should not act as though they 
were nonexistent By adoption of such an attitude, adeptness would be 
gained m treating the usual, as well as anticipating the unusual Assuredly, 
anticipation of the possibility of vascular complications would often prevent 
the development of gangrene, and subsequent loss of an extremity 

In the concept of treatment of fractures, the edict of “splint them where 
they he” cannot be overemphasized However, once beyond that point, a 
too unimaginative attitude toward proper alignment and fixation of a frac- 
ture IS frequently revealed, with consequent failure to properly focus attention 
on possible soft tissue complications, particularly those of vascular or neuro- 
genic character Once proper immobilization of a fracture has been obtained. 
It would be wiser to thoroughly evaluate the influence of original trauma 
ratlier than attempt to differentiate the possible contributing effects of manip- 
ulative procedures In 1934, Dodd compiled 29 cases of vascular injury 
complicating fractures of the extremities from world literature and reported 
two additional cases The report covered a period from 1850 to 1934 From 
1934 to 1942, nine additional cases were reported Child, in 1942, in report- 
ing a case, reviewed the problem in its relationship to the lower extremity 
These two reports represent a recompilation of the 40 cases appearing in 
world literature from 1850 to 1942 

King and Brewer, in 1944, reported four cases, associated with fractures 
about the knee, all of which required amputation They believe that the site 
of the fracture, rather than the displacement was the important causative 

* Read before the 58th Annual Session of the Southern Surgical Association, Hot 
Springs, Va, December ii, 1946 
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factor In that same year, Mock and Tannehill reported two cases of gangrene 
of the lower extremity associated with fractures of the pelvis. 

Considering the high incidence of fractures, the condition is apparently 
strikingly rare Ormsby, m 1911, made the following pertinent observation 
“The complication of gangrene is an uncommon one if I am to judge from 
the meager reference to it to be found m the literature at my command ” 

It IS the purpose of this paper to leport three additional cases The first 
two cases, those of popliteal thromboses, came under personal observation 
The third case, that of a torn brachial artery, was obtained from the University 
Hospital case repoits The interest in each patient is not m the fracture, 
pej se but m the complication Therefore, only cursory mention of the type 
and character of fracture will be made In each instance, contradictory as 
It may seem, subsequent events proved that the fracture was of minor con- 
sequence when compared to the degree of vascular damage All three cases 
developed extensive gangrene as the result of vascular injury associated with 
fractures Amputation was required m each instance Each patient recovered 

CASE REPORTS 

Case 1 — White, male, age 28, was admitted to the hospital approximately two 
hours after having fallen 30 feet Injuries were sustained to both lower extremities, 
resulting in comminuted fractures of the lower third of the right tibia and fibula, as well 
as the upper third of the left tibia, and the lateral condyle of the left tibia and left patella 

When admitted to the hospital, both lower extremities were immobilized in Thomas 
leg splints The toes were normal in color and sensation intact No evidence of soft tissue 
damage was noted except for multiple contusions Peripheral vessels were not palpated 
fdr pulsations 

Under sodium pentothal anesthesia, the fractures were reduced on the day of 
admission Two attempts were made before the lateral condyle of the left tibia was 
considered to be in satisfactory position Both lower extremities were encased in plaster 

During the next two days nothing unusual was noted, except for the development of 
pain in the left foot and leg that gradually increased in severity On the fifth day after 
admission, definite evidence of circulatory embarrassment m the left foot was presented 
The toes were cold and cyanotic Encasement was removed and immobilization main- 
tained by means of sand-bags The left popliteal, dorsalis pedis and posterior tibial 
arteries were not palpable Despite supportive measures directed toward stimulating the 
collateral circulation, the involved foot, ankle and lower two-thirds of the leg became 
gangrenous A supracondylar guillotine-type of amputation was performed, ten days 
after the initial injury 

Recovery was without event 

Subsequent pathologic examination revealed a thrombosis of the popliteal artery at 
Its bifurcation 

Case 2 — ^White, male, age 23, incurred a transverse fracture of the left femur with 
moderate displacement at the junction of its lower and middle third There was no 
visible evidence of soft tissue damage and notation was not made of associated vascular 
or neurogenic injury 

An immediate reduction of the fracture was performed under sodium pentothal 
anesthesia and immobilization maintained by encasement in a plaster cast Upon recovery 
om anesthesia, complaint was made of excruciating pain It was noted that the toes 
ere discolored and cool The encasement, which was relatively loose-fitting, was not 
consi ered a contributing factor, and, therefore, was neither removed nor bivalved 
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When seen in consultation on tlie third day after tlic accident, tiie toes and foot 
weie deeply cyanotic Tiie encasement was removed flic entire leg w'as cold and 
mottled No pulsations were obtained in the popliteal, dorsalis pc<hs or posterior tibial 
arteries of the invohed extremity Supports c measures which were directed toward 
stimulating the collateral circulation w'crc inadequate Gangrene developed, and on the 
tenth day after the initial injurj, an amputation w'as performed at the fracture site 

Subsequent pathologic examination revealed an organising thrombus of tlie popliteal 
artery at its bifurcation, with complete occlusion of the lumen The dorsalis pedis arterj 
also presented an organizing thrombus The muscles of the leg were edematous and 
under considerable pressure within their fascial sheath 

Comment Suppoitive measures in Cases i and 2 consisted of the use of 
intravenous papaverine hydrochloride, hepaiin and paravertebial sympathetic 
blocks 

No attempt was made to localue the thiombus No part of the vascular 
trunk was explored 

A fasciotomy, if it had been performed in Case 2, might have been of value 

Case 3 — White, male, age 57, fell from a scaffold and incurred a posterior dis- 
placement of the right elbow' and a comminuted impacted fracture of the distil end of 
the right radius 

The family physician, after reducing the dislocation and attempting to reduce the 
fracture, placed the arm and forearm in a plaster encasement Forty-eight hours later, 
It W’as noted that the right hand was cold and painful During the next 24 hours discolor- 
ation of the fingers was obser\ed The encasement was removed from the arm and 
elbow region 

Discoloration increased, and three dajs later, or six dajs after the initial ll^ur^, the 
remainder of the encasement was removed, at which time a dr> gangrene of the foreartn 
was noted Two days later, wdien an amputation was performed tlirongh the lower end 
of the arm, the gangrenous process included the entire hand and forearm to within about 
three inches of the elbow 

Subsequent pathologic examination revealed a tear m the brachial arterj that included 
about two-thirds of its circumference Tliere w’as an extensne hematoma in the ante- 
cubital fossa and extravasation of blood along the arterj A thrombus occluded the distal 
part of the brachial artery and extended the entire length of both the radial and ulna 
arteries Blood vessel walls were within lustologicallj normal limitations for an individual 
this age 

Comment These three cases, although representing a comparatively rate 
entity, are presented for critical leview because of their importance Propei 
anticipation, early diagnosis and adequate evaluation of this type of complica- 
tion are the important factors in preventing the catastrophe of gangiene 
Appreciation of the possible implications of trauma to the vascular system 
should lead to more satisfactory end-results 

Age Incidence ~Ch\\d, 111 his critical analysis of 15 cases demonstrated 
an average age of 26 years He thought that degenerative diseases of the 
arterial wall, as a predisposing factor, could largely be discounted 

Dodd mentioned calcification of arteries, syphilis and diabetes as predis- 
posing factors 

The average age for the two cases of tiirombosis heiem described was 
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25 5 years No evidence of arteiial degenerative disease was noted in any 
of the three cases in this series 

Aiteiy Occbided — In vascular occlusions there is a direct relationship 
between the charactei and iinpoitance of the involved artery and the degree 
of circulatory embarrassment In this series, two cases showed an occlusion 
of the popliteal artery at its bifurcation The thud case presented an mter- 
luption to the continuity of the brachial arteiy by paitial severance near its 
bifurcation Dodd indicated that in association with extremity fractures, the 
femoral, popliteal and brachial aiteries aie more susceptible to injury than 
other peripheial vessels He believes that the explanation for this predilec- 
tion IS the relative gi eatei fixation of these vessels A relatively mobile vessel 
will be less apt to be involved in accidents, than one more fixed by fascia, 
aponeurosis or other anatomical factors or in close proximity to bone 

In his suivey of the subject, Dodd points in particular to the vulnerability 
of the popliteal artery at its bifui cation and states “This is anchored by the 
fibrous arch of the soleus, by the passage of the anterior tibial artery over the 
interosseous membrane, by its pioximit}^ to the fibula and by the origins of 
small anastomotic blanches of the knee joint” He, furthermore, discusses 
the comparatively intimate association of the bifui cation with the neck of the 
fibula, and points out that the anterior tibial arteiy makes a slight groove on 
the inside of the neck of the fibula as it passes from behind to the front 
compartment of the leg 

Site and Extent of Fiactuie — This is appaiently not a predisposing factor 
except m its anatomic relationship to the involved artery 

Method of Tieatment of Fiactine — Although it is impossible to refute 
indictment of encasement, particularly in Cases i and 2, it is piobable that 
this method of immobilization was not related to the complication Child, in 
analyzing 13 cases, noted that six had been treated by traction, five with 
encasements, and two without either of these aids to fixation 

Results — In the three cases herein reported, amputation was required 
There were no deaths Dodd, m his analysis of 31 cases, reported amputa- 
tions in all but four cases Previous to 1918, the mortality rate was strikingly 
high The lowered moitahty rate since 1918 is attiibuted to refinements in 
aseptic technic, rathei than operative improvements 

Discussion — Intel ruption of blood supply, with inability to establish com- 
pensatory collateial flow, will lesult in death of tissue 

InterrujDtion of blood supplj^^ may be pioduced by penetration, complete 
division or partial ruptuie of an artery Intimal damage either by contusion, 
rupture 01 persistent pressuie effect will result in occlusion of the vessel with 
thrombus formation Leriche believes that thrombosis of an artery or vein 
IS probably the most frequent cause of vasoconstriction and associated spasm 
He states that as soon as the inflammatory process in its wall reaches the 
nervous elements of the latter, it stimulates them and this stimulation produces 
a distal vasoconstriction m the still permeable portion of the artery and over 
the vhole collateial netwoik Excision of the obliterated segment results in 
a much moie active collateral netwoik Conversely, segmental spasm 
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“stupeur artenelle ” — may be due to direct stimulus and if allowed to persist 
for any great length of time may lead to thrombus development It is pos- 
sible that the latter phenomena is a major contributing factor in the produc- 
tion of this condition The sympathetic responds to all stimuli by a hyper- 
tonus which lessens the arterial caliber of normal tonus Simple manipula- 
tions and handling of blood vessels will often produce prolonged spasm It 
is a condition that is frequently seen in operative procedures Where there 
has been trauma or violence of any character, every attempt should be made 
to evaluate the resultant extent of soft tissue injury, especially in its rela- 
tionship to vasospasm and vascular interference 

Prolonged pressure effects from edema, tense fascial planes and encase- 
ment under ceitain conditions may be indicting factors in the production of 
arterial occlusion 


TREATMENT 

Treatment is a matter of early diagnosis and timely decision Inevitably, 
gangrene requires amputation To avoid amputation, gangrene must be pre- 
vented , to prevent gangrene, the circulation must be adequate , and to main- 
tain an adequate circulation, it must be anticipated that it is possible for it 
either to be, or to become inadequate This can only be accomplished by 
individual evaluation of all factors concerned 

If evidence of circulatory embarrassment is discerned and it is believed 
that bone fragment displacement is not the causative factor, then preferably, 
the vascular system should be supported, before manipulation for perfect 
apposition IS attempted If, in every case of fracture, the possibility of gang- 
rene were anticipated, this complication might be averted Particularly, 
emphasis should be placed on an evaluation of the status of the peripheral 
circulation Failing or absent arterial pulsation, loss of sensation, coldness, 
cyanosis and pain should be evaluated as being prognostic of imminent cir- 
culatory embarrassment Once suspected, definite and immediate measures 
should be adopted to support the circulation 

Paravertebral blocks for the dual puipose of overcoming associated spasm 
and dilating the collateral blood vessels should be effected Hepaiinization, 
if thrombosis is suspected, should be instituted The peripheral circulation 
should be supported by the use of antispasmodics, such as papaverine hydro- 
chloride and liberal sedation Lowering the metabolic demands by wrapping 
the extremity in gauze kept moistened with alcohol, as a modified form of 
refrigeration, will occasionally be found to be of value 

Large hematomas should be incised both to relieve pressure and explore 
for an injured vessel When possible, damaged vessels should be repaired 
either by suture or free venous graft 

Analysis of the cases on record indicates that usually some warning of 
the imminence of this type complication is given Careful evaluation and 
appreciation of the requirements for maintenance of tissue viabilitv may 
result m the avoidance of this catastrophe 
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SUaiMARY 

The problem of noninfective gangrene following fracture is reviewed. 

Thiee additional cases are recorded 

Factors in diagnosis aie discussed in addition to therapeutic measures 
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Discussion — ^Dr Frederick A Bothe, Philadelphia, Pa I hesitate very much to 
speak of one case, however, I wish to present the case of a boy, age 17, who received 
a fracture of both bones of the right leg in a football game The bones were in excellent 
position There was very little swelling of the leg when he was seen a few hours after 
the injury The pulsation of the large vessels distal to the site of injury was not deter- 
mined The fragments were molded into position and a plaster encasement was applied 
The patient was seen 24, 48, and 96 hours after the application of the encasement The 
foot was warm, normal m color, and there was no swelling On the 7th day, while 
attending a football game, he was jostled m the crowd and again injured the same 
extremity That evening there was some tingling in the knee, the next day the toes were 
swollen and cyanotic, and tactile sense was gone He then returned for an examination 
In view of the above findings the encasement was removed at once and the foot 
elevated There was improvement m the local findings, but not so much as we desired 
We were unable to palpate any pulsation of either the posterior tibial or dorsalis pedis 
arteries At this time, tactile sense was absent to the middle of the calf We packed the 
foot and leg m ice and used repeated sympathetic blocks, but were discouraged by the 
response to this form of treatment 

Dr M C Peterson, of New York, suggested the use of novocame intravenously 
instead of the sympathetic block We prepared a solution in which i Gm of novocame 
was dissolved in 1,000 cc of normal saline Three hundred cubic centimeters of this 
solution was administered intravenously every eight hours, with a surgical resident m 
attendance We felt that an equal and possibly greater response occurred from this 
procedure than from the sympathetic block, and, surely, it is much more easily adminis- 
tered After 48 hours of this treatment we could get a pulsation of the posterior tibial 
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artery The refrigeration was omitted from tinic-to-time for a few hours to note any 
local change At the end of the 4th day the refrigeration was discontinued as we no 
longer noted any local change when w'e omitted it for several hours Now, ii days since 
we started intra\enous novocame, the phalanges of four toes are gangrenous but the 
rest of the foot appears improved 

This case is presented, not because of the result obtained, but to report the use of 
novocame intravenously in the management of cases of peripheral vascular disease Peter- 
son IS studying its use in such cases 

Dr James S Spied, Memphis, Tenn Doctor Yeager’s paper is of great interest 
and importance to those who engage in the treatment of fractures and other traumatic 
injuries It calls our attention to the importance of a careful record on these injuries 
regarding the possible vascular and neurologic damage at the time of the original examina- 
tion This IS of importance, not onlj in the treatment of tlie patient but from a 
medicolegal standpoint as well Vascular and neurologic injuries of this tjpe usually 
occur m association with fractures at two sites fractures about tlie elbow joint, and 
fractures or epiphyseal separations about the upper end of the tibia or lower end of the 
femur The adjacent vessels and nerves are frequently injured at these sites 

The tw'o direct surgical attacks to improve the circulation at the time of the acute 
injury, embolectomy and spreading of the fascial covering of tlie muscles about the site 
of injury, have proved somew'hat disappointing in my experience We have found it 
difficult in most cases to determine at the time of the acute injury whether the vascular 
damage is temporary or permanent, or whether it is of sufficient severity to jeopardize 
tieatment of the fracture by the institution of such procedures Frequently, by the time 
a decision has been made in regard to this, the tissue damage due to circulatory dis- 
turbance has progressed to a point wdiere these procedures may be of little value 

Sympathetic block by' any of the accepted procedures has prov ed to be of considerable 
help m differentiating between serious permanent vascular lesions and temporary vascular 
disturbances due to vasospasm Temporary sympathetic block by means of novocame or 
alcohol injection is uncertain and transient in its effects 

In many cases, where the associated injury has produced serious shock, the addition 
of any major surgical procedure is inadvisable In these cases continuous caudal anesthesia 
for vascular disturbance in the lower extremities has been found to be very helpful It 
has been continued in one of our cases for seven day s without any deleterious effects It is 
possible that, when additional experience and knowledge have been gamed in the use of 
tetra-ethyl-ammonium, that tins will prove to be an agent of choice, both as a therapeutic 
measure and as a diagnostic measure, 111 mam cases 

It is important from a medicolegal standpoint to have recorded that vascular dis- 
turbances of serious nature may occur in extremities where no tj'pe of constricting ban- 
dage or immobilization has been used 

Dr George E Bennett, Baltimore, Md From tinie-to-tinie one sees a fracture of 
the lower leg in which there is complete blanching of the tissue below the line of fractuic 
and lack of pulsation of the vessels of the foot After the fracture has been reduced 
and held in position manually for a period of a few minutes, and blushing of the skin 
and circulation does not return, then I think one is perfectly justified m dividing the 
fascia of the calf of the leg to relieve this pressure, just as one would do in the upper 
arm associated with fractures of the elbow I have done this on many occasions and I 
feci quite sure that I have saved many patients serious circulatory complications of the leg 

Dr J M Donald, Birmingham, Ala I vvish to express my appreciation for 
Doctor Yeager’s splendid presentation of this very important subject and to report a 
somewhat similar case Complete laceration of the popliteal artery following posterior 
d slocation of the left knee, with resulting gangrene of the leg requii mg amputation 
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Case Report — This 27-year-oId white male was brought to the Hillman emergent 
room on the night of Januar}’^ 16, 1946, shortly after an automobile accident near Birming- 
ham The patient stated, that he was a passenger and was asleep m a truck which over- 
turned He was found thrown from the car and was wedged between the car door and 
a tree On admission, the patient was in severe shock There was pain and swelling 
about both knee joints After treatment for shock and application of Thomas leg splints 
to both lower extremities, he was admitted to the surgical service of the Jefferson 
Hospital 

About three hours after admission it was noted that the left foot was cold, whereas 
the right foot was warm Traction was immediately released from the left leg and ice 
bags were packed around the leg No pulsation could be felt m the left dorsalis pedis or 
posterior tibial arteries The patient complained of severe pain m the left leg Left lumbar 
sympathetic blocks were done without apparent benefit Roentgenologic examinations 
levealed no evidence of fracture of the left leg Roentgenologic examination of the light 
knee revealed a comminuted fracture of the anterior lip of the right tibial condyles and an 
incomplete fracture through the head of the right fibula 

After two days of conservative therapy there was no improvement m the circulation 
of the left leg The left calf was ecchymotic, edematous and tense The left foot was 
cold and blanched Dr J M Mason III saw the patient in consultation and advised 
fasciotomy and exploration of the left popliteal space These procedures were carriefl out 
under spinal anesthesia The left popliteal artery was found to be completely severed 
just proximal to its bifurcation The popliteal vein was thrombosed The ligaments of 
the knee joint were extensivelj' torn The severed popliteal artery was extremely spastic 
and a thrombus was present m each end Due to the tearing effect of the injury, suture 
of the artery was impossible The ends of the artery were ligated The popliteal wound 
was closed After dressing the fasciotomy wounds the leg was well padded and placed 
in a plaster encasement which was immediately bivalved 

In spite of repeated lumbar sympathetic blocks, gangrene of the foot and leg 
progressed 

On January 23rd, seven days after injur}^ amputation of the left leg above the knee 
was performed under spinal anesthesia The wound was closed primarily An encasement 
was applied to the right leg on January 28th The patient improved rapidly Convales- 
cence was uneventful The patient was discharged from the hospital m good condition on 
February 10, 1946 

This case serves to emphasize the seriousness of injury to the popliteal artery It 
seems probable, since no fracture was demonstrable, that the tearing of the artery was 
due to dislocation of the knee joint 

Dr J Warren White, Greenville, S C One point would bear emphasizing, that is, 
the value of cold Doctor Yeager mentioned the use of alcohol but not the use of ice 
and ice packs I think this is one point that should be considered and would be of real 
help In the cases cited probably nothing could have been done If, m the face of 
threatened gangrene, you can lower the metabolic requirement you might protect the leg 
until jmu get restoration of circulation Another point deserving emphasis is to elevate 
the extremity, as I am sure we always do I use the ice bag postoperatively m all cases, 
if only for the comfort of the patient 

Dr I R Trimble, Baltimore, Md In these veiy acute emergencies I would like to 
make one plea on treatment A gieat manv of these patients should be subjected imme- 
diately to lumbar sjmpathectomy through the extrapentoneal approach It is easily done, 
taking only a few minutes If the leg is in danger because of poor circulation a real 
emergency exists, and we should not wait until developments of a serious nature have 
taken place If there is no pulsation at the time of injury and examination shows that 
asciotomy should be done, well and good On the other hand, m any injury with spasm 
of the large vessels there is always great spasm of the accompanying vessels This can 
c relieved by sympathectomy The trouble with injections is that it is not known how 
ong they will last It is difficult sometimes to turn the patient in bed to subject him to 
multiple injections I think instead of continuous spinal anesthesia of a week’s duration, 
lort spinal anesthesia and sympathectomy would be more reasonable Once that is done 
'oil know you have given all the suppoiting measures you can to increase the collateral 
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circulation in that leg, and I think we are going to find that in the future we shall resort 
to actual sympathectomy rather than to injections or other measures 

Dr. George H Yeager, Baltimore, Md, (closing) I want to thank all the dis- 
cussers I have had no experience with intravenous novocaine The recommendation is 
most pertinent Two of the patients were seen under conditions where ice was not avail- 
able We are using modified refrigeration where it is possible When ice is not available 
or advisable, gauze saturated with alcohol over the involved extremity will prove of 
value I agree with Doctor Trimble that ganglionectomy is the effective method of over- 
coming vasospasm Unfortunately, the diagnosis is usually made late and not at the 
time trauma occurs At the time of identification thrombosis has already occurred With 
evidence of gangrene presenting, it is difficult to rationalize a major operation to prevent 
a condition that has occurred Possibly, one might be justified in considering excision of 
vessels or resection This will accomplish much in overcoming vasospasm 
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SHOULDER AND ELBOW LESIONS DISTINCTIVE OF 

BASEBALL PLAYERS’^ 

George E Bennett, M.D., 

Baltimore, Maryland 

In a former publication^ I stressed the point that the professional 
baseball player was a human being, not a superman, and that he was suscep- 
tible to all of the common lesions of the shoulder w^hich we see m the non- 
ball player, namely, subacromion and subdeltoid bursitis, irritation of the 
supraspinatus and biceps tendons, traumatic synovitis and inflammatory 
disease Fortunately, these conditions form the largest group and respond 
well to rest, heat and general orthodox treatment Because a man is a ball 
player does not mean that he cannot have abscessed teeth, infected tonsils, or 
otlier foci of infection, therefore, his general health should be thoroughly 
investigated, just as one does when in search of some obscure etiologic factor 
in joint lesions 

His occupation is such, ho\vever, that aside from these common joint 
complaints he develops distinctive lesions One which has been definitely 
identified and, to my knowledge, is nonexistent m other occupations, is a 
deposit on the posterior and inferior margin of the glenoid fossa, on or about 
the attachment of the triceps tendon This is the result of the abnormal strain 
which is placed on the shoulder m throwing a baseball As the arm swings 
forward in a flail-hke movement with complete relaxation of the muscles of 
the shoulder, \vhich is so essential for a pitcher to be effective, a tremendous 
strain is thrown upon the posterior shoulder and, as a result, deposits or 
exostoses develop in close proximity to the circumflex nerve and this nerve 
becomes irritated and causes marked referred pain to the shoulder joint, 
particularly in the region of the deltoid muscle This is one of the distinctive 
lesions which very often ends the career of a professional pitcher as, in my 
opinion, it does not respond well to surgery The cause is abnormal use of 
the shoulder and the deposits cause no discomfort or inconvenience except 
when throwing a baseball hard (Fig i) 

The second lesion is a fraying of the supraspinatus tendon, which I do not 
think we can class as distinctive, because one sees it in individuals engaged in 
other occupations The constant snubbing of the supraspinatus tendon over 
the head of the humerus and the greater tuberosity results m a gradual fraying 
of the deeper structures of the supraspinatus tendon This is usually a lesion 
of a veteran pitcher after many years of professional baseball On exploring 
these shoulders the outer surface of the supraspinatus tendon looks perfectly 
normal but a linear incision in the fibers of the tendon wall show fraying of 

* Read before the s8th Annual Session of the Southern Surgical Association, Hot 
hnngs, Va, December ii, 1946 
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B Figs 2A and 2 B — Tvpica! small osseous growth in 

Figs i A and iB —C haracteristic deposits on the posterior- the ligamentous tissue posterior and inferior to the 

inferior border of the glenoid internal epicondi le 
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that portion ^\ Inch is in contact with the humerus Again, I do not think this 
IS a lemechal lesion It is the lesiilt of prolonged use and abnormal irritation 
and does not respond to suigeiy It also is a condition which causes no dis- 
comfoit except nhen thioning a baseball haid 

The common pathologic piocesses of the elbow joint m the professional 
ball player are strikingly similar to those seen m non-ball players — loose 
bodies, single or multiple, either m the olecranon fossa, about the head of the 
radius or about the coronoid process Generalized osteo-arthritis is also seen 
in non-ball plaj^ers There are, however, two lesions of the elbow which I 




Fig 3 — The exostosis or deposit in the posterior inferior region of the glenoid 
cannot be identified by the ordinary anterior posterior or posterior anterior view of the 
shoulder Our x-ray technician, Mr W Ross Mitchell, developed the technic shown 
here External rotation of the humerus with tilting of the x-raj"^ tube about 5 degrees 
is the position which rotates the head of the humerus and the glenoid to a position which 
throws the thickened area in relief (J A M A, 117 510-514, 1941) 


think are distinctive A pitcher in throwing a curve ball is compelled to 
supmate his wrist with a snap at the end of his delivery This movement plus 
extension leads to the development of an irritation in front of the internal 
condyle of the humerus which is extremely disabling and ver)^ often ends his 
career On examination one will note distinct fullness over the pronator radii 
teres, beneath vhich are the tendinous attachments of the brachialis and the 
flexor sublimis digitorum These are covered by a very strong fascial band, 
a portion of which is the attachment of the biceps vhich runs obhquelv across 
the pronator muscle A pitcher may be able to pitch for tv o or three innings 
when the pain and swelling becomes so great that he has to retire Roent- 
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genograms in the majority of cases are entirely negative, and on exploration 
the joint reveals very little The muscle tissue generally is normal in appear- 
ance The simple division of the fascia covering the muscles has, on occasions, 
rehabilitated these men so that they were able to return to the game 1 am at 
a loss to explain it except that tension develops from some unidentified irrita- 
tion to the muscle tissue which at times has an ischemic appearance It is 
quite possible that this may be a secondary irritation which is the result of 
lipping of the ulna at its articulation with the internal condyle, because on 
rare occasions we see osteophytic processes here which are linked with the 
condition which I am endeavoring to describe I am not clear in my own 
mind as to its exact pathology I tiust that fuither study and observation 
will clear up this point because I feel that it should be a remediable lesion 
The most distinctive lesion, and one vlnch is not seen in other occupations, 
IS the development of single or multiple deposits of bone or ossicles in the liga- 
mentous tissue and tendinous attachments beneath the ulnar nerve and not 
within the joint I am quite sure that these deposits are purely the result of 
chronic strain and probably take years to develop, and m many instances give 
no symptoms When they begin to cause irritation of the ulnar nerve they can 
be removed vith success Identifying these small masses of bone in the liga- 
mentous tissue and dissecting them free will relieve symptoms in most cases 

REFERENCE 

1 Bennett, George E Shoulder and Elbow Lesions of the Professional Baseball Pitcher 
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HOWARD MERRILL CLUTE 
1890-1946 

Dr Howard Merrill Clute was born m North Berwick, Maine on 
January lo, 1890 and died in Boston, September 19, 1946 He was graduated 
from Dartmouth College m 1911 and from the Dartmouth Medical School in 
1914 He received an honorary degree of Doctor of Science from Dartmouth 
in 1941 

He did his graduate work m surgery at the Boston City Hospital and then 
entered military service during World War I, receiving the rank of Major 
upon discharge 

After a long and successful association with Dr Frank Howard Lahey, 
he entered private piactice m Boston m 1935 One year later, he was made 
professor of surgery of the Boston University School of Medicine and sur- 
geon-in-chief of the Massachusetts Memorial Hospital He fulfilled his obliga- 
tions to these Institutions with unusual and outstanding devotion, and upon 
his retirement in 1945 he was elected to their Board of Trustees 

Doctor Clute was interested in national and international affairs and 
through his contributions was made a member of many organizations, whose 
chief interest was in the advancement of surgery In addition to the Southern 
Surgical Society, he was a member of the International Surgical Society, the 
American Surgical Association, the New England Surgical Society, and the 
American Society for the Study of Goitre He was past president of the 
Boston Surgical Society and chairman of the credentials committee for the 
State of Llassachusetts of the American College of Surgeons He was a 
founder member of the American Board of Surgery and served on its exam- 
ining committee for several years 

Clute was a skillful surgeon, a persistent student, an excellent diagnostician, 
and an able teacher He had the rare ability to apply his native talents in a 
manner that successfully combined his analytical mind, dexterity, and common 
sense His patients, his consultants, and his friends admired and adored him 

Houard Clute was known for his interest in humanity He loved a party 
and engaged in the usual sports to some extent His happiest moments outside 
the operating room were those spent with his cronies Bridge, perhaps being 
his chief diversion, with his classmates Ben Ames Williams and Leland Powers, 
Jr , he spent many happy evenings These companions of literary and legal 
fame doubtless tried to keep him from working too hard, but probably m an 
indirect manner spurred him on to attain a high peak of success in his 
own field 

His contributions to the surgical literature were numerous Many of his 
observations and deductions will live in the minds of students of surgery for 
decades to come The practical and useful side to his papers will long be 
remembered by his colleagues 


111 



HOWARD MERRILL CLUTE j'u’’i''r^‘'r9*'4” 

Clute died in the harness as he w oiild have ^\ ished it Having performed a 
successful and difficult opeiation in the morning, and urn off a busy office 
hour in the afternoon, he event to his home and quietly passed from this world 
into the next Those of us who knew' him in his last yeais admired his spirit, 
his com age, and his deteimmation to carry on in spite of his earlier attacks of 
coronary thrombosis 

Doctor Clute is survived by his devoted w’lfe, a son Charles, and a daughter 
Alice He w'as a good husband and father Not only will these members of 
his family be glad to have known this man hut so w'lll his friends and associates 
lemember his fine qualities, his keen wit, and his devotion to the art of surger) 

Arhiuk W Alli x, M D 
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WALTER E DANDY 

1886-1946 


The death of Walter E Dandy on Good Friday, 1946, came as a sui prise 
to many people A few premonitory symptoms of the fatal coronal y occlusion 
had been misintei preted during his winter vacation m Florida There had been 
sufficient anginal pain during the last two weeks of his life to cause him to have 
electrocardiographic studies, but the final episode came with that stunning 
suddenness which one sees so often in coronary disease Doctor Dandy \^as 
born in Sedalia, Mo , in April, 1886 He uas the only child of paients who had 



Walter E Dandy 


come fiom England a few }eais befoie he was born His exceptional mental 
capacity was recognized eaily in life, and his fourth-giade teacher. Miss Cous- 
ley, encouiaged ^him to do two }eais work in one year He led his class on 
graduation fiom high school and took his collegiate work at the University 
of Missouri 

At college Walter Dand} w as particularh interested in biology, and became 
an assistant to Doctor Cuitis. the head of that department It was due to the 
advice of this teacher that his exceptional pupil entered the Medical School at 
Johns Hopkins with ad\anced standing Here he spent his spare hours doing 
^ o ” 1 a to i\ r'oi tunateh he was attracted to neurosurger} 

while a student, and ncvei wa\eied from his determination to become foremost 
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m this field It is not surprising, therefore, that Cushing’s refusal to take him 
to Boston in 1912 was a disappointment that depressed Doctor Dandy for 
months Late in life he remarked that Cushing’s decision was the best thing 
that had ever happened to him 

After spending eight }'’ears as a house officer, assistant resident and resident 
in general surgery at the Johns Hopkins Hospital, Doctor Dandy put in one 
year on a full-time basis, and then went into private practice 

It was during his year as assistant resident (1913) that Dandy and Black- 
fan worked out the pathogenesis of hydrocephalus This work caused Doctor 
Halsted to say to Doctor Park, “Dandy will never do anything equal to this 
again Few men make more than one great contribution to medicine ” But 
Doctor Halsted was mistaken for, in 1918, Doctor Dandy published his 
epochal paper on ventriculography Before this technic was developed it had 
been possible to localize about one-third of all brain tumors After the method 
was perfected it was possible to locate vntuallj’^ every tumor 

Doctor Dandy’s intellectual energy was incessant and sustained, as is shown 
by the continual flow of original contributions which he made to neurosurgery 
One need only mention his method for removing acoustic nerve tumors, his 
successful operations for tic douloureux, glossopharyngeal tic, Meniere’s dis- 
ease , brain abscess , and his treatment of intracranial aneurysms He was the 
first to operate for a displaced interveitebral disk, but did not immediately 
realize the frequency or significance of this lesion 

A careful study of the mind of Walter Dandy revealed three exceptional 
qualities, and it was the combination of these that accounts for his contribu- 
tions First, he had the habit of constantly asking himself searching questions 
Second, he had the faculty of going right to the heart of a problem Third, 
he had the faculty of seeing and thinking only in absolute terms Every issue 
was either black or white , there were no intermediate shades This all-or-none 
attitude was characteristic of his relationship to people 

Doctor Dandy was exceptionally daring when operating, but those who 
assisted him were not impressed by tins quality as much as they were by his 
dexterity As a technical surgeon he was unrivalled 

Finally, it is right that some comment be made on his ability as a teacher 
He fascinated students because his teaching w'^as ci3'^stal clear and very positive 
His diagnoses on ward rounds were sometimes wrong, but they were never 
indecisive His residents received a merciless drill They were required to 
follow their postoperative patients hourly, to practice meticulous asepsis, to 
anticipate every move of their chief w'hen operating They -were slaves, but 
responsible slaves The training they received was priceless 

The following tribute had been prepared and was to have been given to 
Walter Dandy on his sixtieth birthday, but his illness prevented the celebration 
of the occasion 

“In every field of human endeavor there is occasionally one individual 
whose achievements set him apart from all his predecessors and above all his 
contemporaries Often there is no appreciation of his accomplishments during 
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his lifetime, and it is left for posterity to acclaim his work Sometimes, how- 
ever, the importance of the man’s achievements are recognized and some 
expression of appreciation is given him This testimonial is such an expression 
of appreciation, and is given to Dr Walter E Dandy in recognition of his 
accomplishments in the &ld of neurosurgery It can be said in all truthfulness 
that his contributions to this subject are gi eater than those of any other person 
It IS fitting, therefore, that the occasion of Doctor Dandy’s sixtieth birthday be 
celebrated by his friends, who give him this portfolio as an enduring emblem of 
their loyalty to him and of their recognition of his incomparable achievements 
at the Johns Hopkins Hospital ” 

Warfield M Firor, M D 
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JOHN STAIGE DAVIS 
1872-1946 

In the late afternoon of December 23, 1946, while final pieparations 
for family reunions and joyful Christmas festivities were being completed in 
millions of homes throughout oui land, the good people of Baltimore were 
rudely shocked by the sudden death of one of their most distinguished and 
best-beloved surgeons, Dr John Staige Da\is 

Mj’’ acquaintance with him, vhich began as a fellow-Viiginian, dates back 
almost to the beginning of our lespective careers moie than 40 jears ago 



John Staige Da\is 


and, through mutual piofessional inteiests and activities centering mainly at 
the Johns Hopkins Hospital and the Union Memoiial Hospital, soon ripened 
into an intimate, congenial and enduimg friendship, the memoiies of which 
I shall always dearly cherish 

Doctor Davis vas born in Norfolk, Viiginia, January 15, 1872, the son of 
William B and Mary Jane (Kentie) Howland Davis, and latei became the 
third generation of doctois in the family His ancestors on both sides from 
Colonial times were Virginians At the time of his birth, his fathei was Assist- 
ant Surgeon m the U S Naval Hospital at Portsmouth, Virginia, but later 
transferred to the U S Aimy and, as Assistant Surgeon, established a long 
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record of loyal service to our country Young Staige attended the Episcopal 
High School of Virginia, 1887-1888, then Saint Paul’s School at Garden City, 
Long Island, which was then a military school, from 1888 until his graduation 
m 1892 From there he entered Yale University in the Sheffield Scientific 
School in Older to take biologic training undei Professor Russell H Chitten- 
den He graduated from Yale in June, 1895, and entered the Johns Hopkins 
University School of Medicine m the fall of that year, where he obtained his 
medical degree in 1899 He then served as Resident House Officer at the 
Johns Hopkins Hospital foi one year and as Resident Surgeon and Supeim- 
tendent at the Union Piotestant Infirmary (now the Union Memorial Hos- 
pital) undei the supei vision of Di J M T Finney for three years Upon 
completion of his appienticeship. Doctor Davis uas appointed Assistant in 
Siugeiy at the Johns Hopkins Hospital Dispensary, and for several years 
participated in the Surgical Service of the Robert Gariett Children’s Hos- 
pital He also was Instiuctoi in Suigeiy at the College of Physicians and 
Suigeons until that institution was latei meiged with the University of 
Mai yland 

In 1907, he man led Kathleen Goidon Bow^dom, whose exceptional charm, 
conspicuous talents and unfalteimg devotion enabled her to create and to 
maintain that delightfully congenial home atmospheie wdnch contiibuted so 
magnificently to his career She now' survives him together wnth one daughter, 
Mrs Chailes E Scarlett, Jr , of Baltimoie, and two sons. Major W Bow'doin 
Davis of the Army Medical Corps, a graduate of Princeton University in 
1934, and of the Johns Hopkins University School of Medicine in 1938, who, 
aftei seivmg one year as Surgical Intel n at the Union Memorial Hospital, 
Baltimore, transferred to the Presbyterian Hospital, a unit of the Columbia 
Medical Centei in New' Yoik, for seveial years of intensive apprenticeship in 
the field of geneial suigery and as Resident in plastic surgery before being 
assigned to duty in this specialty at the Valley Forge General Hospital in 
Pennsylvania He has now' been released from the U S Army Medical Corps 
and, happily, w'lll continue his father’s specialty in Baltimore A second son, 
How'land Staige Davis, established a brilliant record as Lieutenant Com- 
mandei in the Naval Air Coips duiing the recent war Five grandchildren 
also survive 

Doctor Davis seived as Captain in the Medical Coips of the U S Army 
dining World War I, from June, 1917, to Januarj , 1919 During World War 
II he was appointed by the Surgeon General of the U S Army as a member 
of a committee to organize plastic surgery units for the Army Medical Corps 
He also assisted w'lth his advice and expeiience at the Walter Reed General 
Hospital, in Washington, and in other army hospitals during the war years 
Fiiitherinore he was a member of the Advisory Committee for Medical Pre- 
paiedness in Maryland, and of the Subcommittee on Plastic and Maxillofacial 
Surgery of the Division of Medical Sciences of the National Research Council 

Eaih m his professional career he became interested in the master} and 
dc\elopment of plastic surgei}. and was the first surgeon to devote himself 
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exclusively to that field, to the enrichment of which he so brilliantly contributed 
for 40 years In 1919, he published a book, “Plastic Surgery Its Principles 
and Practice,” which still is regarded as an authoritative work In addition, he 
contributed numerous excellent articles on plastic surgery to various surgical 
journals But perhaps his most enduring contribution to the development oi 
his specialty was made through his superb training of a long list of Resident 
House Officers in the several hospitals with which he w^as associated From 
these inexperienced assistants at the operating table he exacted the same 
meticulous care of detail that so faultlessly characterized his own work, and, 
in return, with uncommon clarity, he generously imparted to them from his 
vast storehouse of knowledge and experience, lessons in plastic surgery that 
they wnll never forget and from which many patients will later benefit 

From 1923 to within a brief period prior to his death, Doctor Davis served 
as Associate Professor of Surgery in the Johns Hopkins University in charge 
of Plastic Surgery In addition to this wmrk, he participated actively in the 
affairs of the Union Memorial Hospital, wdiere for many years he was first a 
member and later, Chairman of the Executive Committee of the Staff 
Throughout most of his active career he served also as Visiting Plastic Surgeon 
to the Johns Hopkins Hospital, the Union Memorial Hospital, the Children’s 
Hospital School, and the Hospital for the Women of Maryland He w'as a 
member of the American Medical Association , the American Surgical Asso- 
ciation, serving as Vice-president in 1937 , the Southern Surgical Association, 
serving as President in 1940 , the American Association of Plastic Surgeons, 
serving as President in 1945 , the Interurban Surgical Society, The Baltimore 
City Medical Society and the Medical and Chirurgical Faculty of Maryland 
He was certified by the American Board of Surgery, the American Board of 
Plastic Surgery and the American College of Surgeons He was a member of 
the Military Order of the World War and the Sons of the American Revolu- 
tion Just before his death he lesigned as Chairman of the American Board 
of Plastic Surgery, and had just been appointed to the Board of Regents of 
the American College of Surgeons He w^as also a member of the Maryland 
Club, the Elkridge Club and the Yale Club of New York 

But how imperfectly does this brief recital of some of his achievements in 
the field of plastic surgery and of the honors so worthily bestowed upon him 
in recognition of them, portray my friend Staige Davis as I knew him ' Cred- 
itable, to be sure, is this imposing summary, but it is altogether inadequate 
One does not find here the secret of his irresistible personal magnetism which 
so endeared him to a host of colleagues, friends and grateful recipients of his 
professional skill This is to be found rather in the collective attributes of his 
personality He was a quiet, gentle person, richly endowed with intellect, 
sound judgment and an indomitable will, all of which were consecrated to the 
service of humanity His sturdy countenance radiated character, honesty, sin- 
cerity, kindness, magnanimity, tolerance, sympathy and immeasurable patience 
And the motivating force that activated his many virtues was a consuming and 
sustained desire modestly but efficiently to serve his fellow man, to relieve 
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suffering, to correct deformities and disfiguring scars and blemishes, to restore 
function and to abolish the inferiority complexes that so often shackle and 
torture those unfortunates who require this branch of surgery All of this he 
achieved magnificently and, m addition, as teacher, investigator, counselor and 
consultant, his influence m the development of plastic surgery reached far 
beyond Baltimore and contributed m no small measure to the rehabilitation of 
thousands of veterans of two world wars 

He was a member of Saint Paul’s Protestant Episcopal Church of Bal- 
timore, and as fine a Christian gentleman as I have ever known 

Approximately one month prior to his death, he was confined to his house 
for several weeks by order of his physician because of exhaustion from over- 
work His prompt improvement was so reassuring, however, that he was per- 
mitted to attend the last meeting of the Southern Surgical Association at Hot 
Springs, Virginia, which both he and Mrs Davis thoroughly enjoyed He 
returned to a slower operative schedule, and on the morning of December 23, 
1946, he operated at the Union Memorial Hospital, had office hours, attended 
to some minor professional duties, and later lunched with a group of his col- 
leagues at the Maryland Club He was in excellent spirits and appeared to be 
rapidly regaining his strength After lunch he rejoined his wife at home and 
lay down for a period of rest He quietly and peacefully fell asleep, only to 
awaken shortly thereafter into a more abundant life which he so richly 
deserved His passing is lamented by many, and his loss is indeed a grievous 
one, not only to his family and intimate friends, but also to Baltimore, the 
State of Maryland and American surgery 

Edward H Richardson, M D 
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SAMUEL LABAN LEDBETTER 
1886^1946 

Samuel Laban Ledbetter, son of Samuel L and Nettie Monow Led- 
better, was born in Birmingham, Alabama, Febitiary 26, 1886 He attended 
the Birmingham public schools, and received the Bachelor of Science degree 
from the University of Alabama m 1906 He enteied the. School of IMedicme 
of Johns Hopkins University in the fall of 1906, and received the degree of 
Doctor of Medicine from that institution m 1910 On graduation, he was 






Samuel L Ledbetter 


appointed to membership on the resident staflf of the Lakeside Hospital, of 
Cleveland, where he served foi five years, going progressively through the 
grades of house officer, assistant resident surgeon, and resident surgeon, on 
the service of the late Dr George Crile This association stimulated in him a 
hfe-long interest m goiter, and during his active career, he enjoyed a very large 
clientele of patients suffering from this disease 

When, m World War I the Lakeside Hospital Unit of Western Reserve 
University w'as organized. Doctor Ledbettei joined this group and served as 
resident surgeon, American Ambulance, Nemlly-sui-Seme, m 1915 

After his return from militaiy service, he began the practice of surgery m 
Birmingham, and w'as most successful In addition to holding membership 
in the County, State and American Medical Associations, he w^as a fellow^ of 
the Southern Surgical Association, of wdiich he w^as Vice-president m 1937, 
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of the American College of Smgeons, of which he was a inembei of the Boaid 
of Governois at the time of his death, of the American Association foi the 
Stnd> of Goitei , and was a membei of the Foimders-gionp of the Ameiican 
Boaid of Siirgei} He was also a member of the Biimmghain Smgical Society 
and the Biimmgham Clinical Club He was snigeon to St Vincent’s Hos- 
pital the Childien’s Hospital and the Hillman Hospital, and was consulting 
snigeon to the Woodwaid lion Compain, the Employees’ Hospital of the 
Tennessee Coal lion and Railroad Compan), Fan held, and to the American 
Cast-lion Pipe Compain 

When the Medical College of Alabama was moved fiom Tuscaloosa to 
Biimmgham in 1945, Docloi Lcdbettci was made Clinical Piofessoi of 
Singer} but ill health pieiented him fiom taking active pait m the w'oik of 
the College 

In spite of the demandt) of his laige smgical piactice, Doctoi Ledbettei 
was much inteiested m sports and in the bocial actiiities of the citi He spent 
man} leisure houis in hunting and fishing, was a membei of the Mountain 
Brook Counti} Club, and was keen!} inteiested m football 

In 1918, he mairied Fiances Ploke Robinson, of Easle}, South Caiohna 
She and a daughter Mis W W !McPhillips, and two giandchildien 
sun n e him 

Doctoi Ledbetter was an actne membei of the Episcopal Chinch 

His illness was prolonged and, m the lattei months, painful Foi yeais he 
earned on biaNely and actuely, knowing full-w'ell the fate that awaited him 
Seieial operations were undei taken for relief of complications that aiose fiom 
time-to-time FinalK he had to give up the stiuggle, and died on March 
10, 1946 

Jamhs M Mason, M D 
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JOHN CHADWICK OLIVER 
May 7, 1862-Marcli 14, 1946 

The Olivers came early to the western country, in fact Dr David Oliver, 
grandfather of John C , was the first white child born among the pioneers of 
the Marietta Colony on the Muskegon in the year 1792 He was the son of 
New England frontiersmen who followed General Israel Putnam to the Ohio 
country before the turn of the nineteenth century Dr David Oliver grew up 
and came to Cincinnati where he practiced his profession in the West End 
many years ago It is not stated whether he knew well, or had much connection 



John Chadwick Oliver 


with Dr Daniel Drake but the two were in Cincinnati at about the same time 
Doctor Drake, known as the father of western medicine, founded the Ohio 
Medical College m Cincinnati in 1819, and, later on, just to show that he could, 
he founded the Miami Medical College as a branch of the Miami University 
at Oxford, Ohio in 1852 It was at this latter college that Dr John Oliver 
attended and, at the age of 23, namely, 1885, he graduated with honors 

Dr Cornelius George Comegys, a contemporary of Daniel Drake, took 
Doctor Oliver into his office as his assistant Doctor Oliver immediately began 
to serve his Alma Mater as demonstrator m anatomy and later as professor of 
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anatomy Under Doctor Comegys’ tutorage Doctor Oliver progressed rapidly 
in his chosen profession and upon his friend’s demise, m 1896, he became 
associated 111 the practice of surgery %Mth the gieatly loved and esteemed Dr 
N P Dandndge, then Dean of the Miami Medical College 

Later, Doctor Olivei himself became Dean of that honored institution and, 
as such, initiated the movement to unite the Miami Medical College with the 
Ohio Medical College After a long bitter stiuggle this vas done to form 
first, the Obio-Miami Medical College of the University of Cincinnati and 
later the name vas shortened to the College of Medicine of the University of 
Cincinnati 

After the death of Dr Chiistiaii R Holmes m 1920 Doctor Oliver became 
Dean of the College of Medicine of the University of Cincinnati After serving 
in that capacity for seveial 3^ears he resigned 

Doctor Oliver vas a cultured gentleman of strict integrity and a great 
surgeon As a teacher and a colleague he set an example of faithful observ^ance 
in medical ethics As a writei he w as clear and concise In the writings in the 
local journals and the annals of the Ameiican Surgical Association and the 
Southern Surgical Association many contributions may be found 

In October, 1888, he married Carrie Frances Wright vho boie him three 
children Dr Wade Wright Ohvei, the eldest, is now the Professor of 
Bacteriology at the Long Island Medical College Dr Symmes Francis Oliver, 
a surgeon in Cincinnati, is at present connected with the Veterans’ Buieau, 
and a daughter, Sarah Elizabeth Kerper, lives m Washington, D C 

In 1902 Doctor Oliver was elected to the Southern Surgical Association 
and came regularly for a good number of years However, age and ill health 
have kept him away for the last few }ears, but those of us in and about Cin- 
cinnati knew him well and will sadly miss him 

Ralph G Caroi hers, M D 
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BOOK REVIEW 


Men Without Guns Text bj' DeWitt Mackenzie Descriptive captions by klajor 
Claience Worden Foreword by Major General Norman T Kirk Illustiated with 137 
colored plates Blakiston Co , Philadelphia, 194S 

“Men Without Guns” is a combination of narrative and illustrations gning that 
part of the historj of World War II that deals with the care of the wounded from the 
foiward areas and battle fronts of the various theaters back to the large hospital centers 
within the United States The various theaters, beginning witli the Southwest Pacific, 
aic treated separately, both as to text and sketches A foreword bj the Surgeon-General, 
Noiman T Kirk, M C, U S A, emphasizes the heroism and skill of the men and 
women of the Army Medical Corps He properly lists three of tlic war’s outstanding 
11 novations in establishing an excellent record for the caie of the wounded — surgeiy, the 
sulfa drugs, and penicillin Qualifying this, he says “Surgerv is Number One, it isn’t the 
sulfa drugs that save lives, it’s surgery , drugs supplement surgery ” The brief summary 
of General Kiik’s accomplishments m meeting the tremendous task of caring for the 
wounded is well done 

In considering the function of the Armj Medical Coips, one might j*udge from this 
book that the difficulties were for the most part the result of combat conditions, the 
MCather and teiram in particular Manj' of the medical officers of the A.rmj may well 
question this from their experience because the successful accomplishment of the daj’s 
work m the Medical Corps was often m spite of existing cumbersome Army regulations 
so religiously adhered to by old regular Army officers However, now that the war has 
been successfully completed it may be just as well to indulge m a little euphoria from 
the standpoint of making the review of it as pleasant as possible Nevertheless, in fairness 
to those of the medical profession who may participate in tlie next war, greater emphasis 
sliould be placed upon the long periods of waiting and the possibility of improper assign- 
ments rather than the physical hardships of the tropical mud and mould or the Normandie 
cold and blitz bombs 

The medical corpsman is the hero of this book and rightfully so because of all the 
tasks that any member of the Medical Department of the Army is called upon to do no 
other requires as much bravery, singleness of purpose, and clearness of mind under fire 
These mra, common to every medical unit near a front, are pictured in action 

The twelve artists who have contributed to this volume have by great attention to 
detail plus the knowledge that comes from being on the spot during action given an accu- 
late picture of various aspects of caring for the wounded of this war They are earthy, 
they carry the background of the situation, they present much m one sketch, sometimes 
It may have beeh added onto from their memory but, regardless, it reveals what was then 
taking place In these illustrations there is a virile integrity that pervades the entire book 
which is admirable There has been no magnification of the horrors nor has there been 
covering up of the unpleasant A short biography of each artist, including his assignment 
ard contributions, adds to the reader’s personal interest m each group of paintings and 
sketches That these artists escaped without major mishap in their assignments is 
remarkable Over two-thirds of the book consists of paintings and sketches without 
duplication 

This book will appeal in particular to the doctors, nurses, and corpsmen of the Armj 
oi World War II Those who were overseas will find their greatest interest in those 
paintings and sketches from the theater m which they served, be it Southwest Pacific, 
Burma-India, or European It is not likely to have more than passing attention from 
those who were not in some way directly concerned with the care of the wounded 

Frank Glenn, M D 
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THK MANAGEMENT OF CARCINOMA IN THE 
SEA^ERAL PARTS OF THE COLON-^ 

William F. MacFee, M.D. 

Nfw York, N Y 

Though noi the first to practice delayed extrapentoneal resection in 
the surgical treatment of carcinoma of the colon, Mikulicz,^ in 1903, was the 
first to report a senes of cases treated m this manner His publication of the 
results in 16 cases in \\hich the carcinoma was first brought out of the abdom- 
inal cavity and later excised had a profound effect upon the surgical treatment 
of this disease The principle of extrapentoneal resection became established 
almost immediately and still attracts many followers 

Acceptance of the exteriorization method, though widespread, was not 
universal It has disadvantages m certain types of cases, particularly in obese 
patients with short mesentery, and interest m finding a safe method of per- 
forming primary resection and anastomosis was not lost 

The search took two general directions First, there was the quest for an 
effective aseptic method of performing resection and anastomosis, and, sec- 
ond, efforts were directed toward getting the bowel into better condition 
before resection and suture w^ere attempted The endeavor to find a way to 
maintain asepsis led to the development of ingenious clamps and other devices 
intended to accomplish that purpose Wangensteen,^ who himself designed a 
clamp for anastomosis, states that Parlavecchio, an Italian surgeon, used a 
similar clamp as early as 1898 to 1900 The names of Parker and Kerr,^ 
Schoemaker,^ Fraser and Dott,® Scarff,® Rankin,’^ and many others, are asso- 
ciated with methods of aseptic, or closed, anastomosis 

The importance of having nondistended bowel of normal texture before 
resection and anastomosis are attempted was brought home to the earlier 
surgeons through grievous experience It was gradually recognized that a 
high operative mortality prevailed when obstruction was present and a rela- 
tively low mortality, even with open anastomosis, when obstruction was 

Read before the New York Surgical Society, December ii, 1946 
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absent The advantages of having normal bowel to deal with became clear, and 
when medical means of evacuation weie ineffectual it was natural that sur- 
gical drainage should be considered According to Rankin,® the idea of 
external drainage of the distended bowel proximal to an obstruction was 
entertained as early as 1710 by Littre, who pioposed colostomy for relief of 
obstruction due to malformation of the 1 ectum, but it remained for Pillore, of 
Rouen, 66 years later, to actually perfonn a right inguinal colostomy for 
obstruction of the rectum due to tumor 

It IS not clear who was the first to make a practice of draining the colon 
proximal to an obstructing growth in pieparation for its removal It may well 
be that the first colostomies producing this effect were more or less acci- 
dental Hartwell,® for example, describes opening the abdomen for intestinal 
obstruction and finding a band over the distended cecum which had produced 
a slough Theie was gross leakage, and to meet the situation he made a right 
intermuscular incision and sutured the margins of the hole m the cecum to the 
incised peritoneum and to the skin Without previous design he, thus, estab- 
lished a cecostomy The patient impioved to such an extent that the obstruct- 
ing tumor, a carcinoma of the splenic flexure, was later removed and the 
patient survived Whatever the origin of the operations for proximal drainage 
of the colon, their usefulness m the pi esence of obstruction and other compli- 
cations IS now generally recognized Mayo,^® Bevan,^^ Ciile,’® Stiles,^® Schoe- 
maker,^^ Cheever,^® Whipple,^® Rankm,^^ Wilkie,^® and Allen,^® have had a 
notewoithy influence m developing an appreciation of these procedures 

The lowering of mortality has been accomplished not only by improved 
surgical management but also by a number of other factors The introduction 
of the sulfonamide drugs, particularly the intestinal antiseptics succinylsulfa- 
thiazole (sulfasuxidine) and phthalylsulfathiazole (sulfathahdine) the effi- 
cacy of which has been demonstrated by Poth,®® the more effective intestinal 
deflation by use of the Miller-Abbott tube, greater alertness in early diagnosis, 
and the increased competence of a greater number of surgeons, all have contrib- 
uted to the safety of the operation In addition to these advantages, there is a 
better understanding of the pathologic physiology associated with surgical 
operations, greater appreciation of the importance of fluid and protein balance, 
of vitamins, blood transfusion, and the numerous collective measures which 
have contributed to the improvement of surgery m general 

As the safety of primaiy resection and anastomosis has increased, and 
fewer patients arrive with obstruction, there has been a gi owing tendency 
toward the performance of a one-stage instead of a two- or three-stage oper- 
ation Right colectomy for lesions without obstruction has long been performed 
as a one-stage procedure, but in the presence of obstruction or other compli- 
cations resection has been preceded by ileocolostomy Whipple,®^’ has 
reported strikingly favorable results from the use of the Miller-Abbott tube as 
a preoperative means of deflation, and finds that obstructive lesions of the 
right colon which previously would have requiied preliminary ileocolostomy 
may now be resected in one operation 
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In planning the resection of an uncomplicated carcinoma, Campbell,-^ 
Stone and McLanahanr^ Wangensteen,-’- Waugh and Custer,-® Meyei, 
Sheridan, and K070II-" and Zmnmgei and lioxwoith^® no longer diff ei entiate 
betw een the right and left portions of the colon, and may undertake a one-stage 
operation iriespectne of the location 
of the tumor They believe primal y 
one-stage 1 esection and anastomosis is 
safe m the left colon as n ell as m the 
right, provided theie is minimal or 
no obstruction 01 other serious im- 
pediment 

Considerable differences of opin- 
ion are found among the latge clinics 
of this country concerning the merits 
of various operative procedures, par- 
ticularly with respect to the Mikulicz- 
t}-pe of operation Undoubtedly, these 
divergences of view have created un- 
certainty in the mind of the general 
surgeon who operates upon the occa- 
sional case His experience with the 
disease has not been sufficient to per- 
mit him to have definite ideas based 
upon personal observations, and a re- 
view of the literature does not enable 
him to see clearly the course he 
should pursue. 

On the one hand, he has the opin- 
ion of Lahey,^®- whose vast ex- 
perience has confirmed him m the 
belief that the modified Mikulicz procedure is the safest operation for caici- 
noma of the large bowel, including the right colon With lespect to the right 
colon, however, there appears to be some deviation®- from this rule Almost 
diametrically opposed is Wangensteen- whose practice is to resect all unob- 
structed lesions of the colon in one stage, establishing intestinal continuity by 
oblique aseptic end-to-end anastomosis without antecedent or complementaiy 
colostomy or decompressive vents Among those following a middle course 
are Rankin,®® Allen,^® White and Amendola,®’* and Coller and Vaughan®® who 
may do either an obstructive 1 esection 01 resection with immediate end-to-end 
anastomosis, but when the latter operation is elected ordinal ily establish proxi- 
mal drainage either as a preliminary measure or at the tune of resection, ex- 
cept m unobstructed lesions of the right colon 

The results at the Lahey Clinic, where the modified Mikulicz procedure 
has been followed almost exclusively in the treatment of hundreds of cases the 
results have been excellent Whether they would have been better with resec- 
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tion and anastomosis we cannot know As between the principles of exterior- 
ization, and resection with aseptic end-to-end anastomosis, there can be little 
question but that the present trend is m favor of the latter procedure, with or 
without proximal drainage 

In hospitals where both types of operations are done in something like 
equal numbers the results generally favor closed resection and anastomosis In 
a senes of cases reported from St Luke’s and the New York Hospitals^® the 
mortality was appreciably higher with the exteriorization procedures In a 
subsequent study of cases from the Pennsylvania and Bryn Mawr Hospitals 
Gibbon and Hodge^’^ found the mortality from exteriorization procedures more 
than twice that following closed resection with aseptic anastomosis, and in a 
compilation of statistics which included other clinics,^®’ as well as their 
own, the mortality from exteriorization operations was 27 per cent, and for 
resection with aseptic anastomosis 14 per cent In 1940, Patterson and Webb/® 
basing their study on cases treated at the Roosevelt Hospital, reported favor- 
ably on the Mikulicz procedure, but four years later, after having given aseptic 
resection and anastomosis a trial. White and Amendola,®^ in a review of cases 
from the same institution, found that the mortality from the Mikulicz oper- 
ation was twice that resulting from resection with aseptic anastomosis With 
these facts m mind, the present discussion of treatment will be concerned 
primarily with the latter method 

To attempt the formulation of rules to meet all the conditions which may 
complicate carcinoma of the colon or to prescribe operative procedures for all 
to follow would be presumptuous and futile One cannot, however, review 
the experience of the many surgeons who have had a special interest m this 
disease and correlate it with his own without arriving at certain conclusions as 
to how carcinoma of the colon, as ordinarily encountered, should be treated 

If one elects closed resection with aseptic anastomosis, there are certain 
basic principles which must be observed These were very well presented by 
Reichel,^® in 19 ii 

1 The general condition of the patient must be such that a somewhat 
lengthy operation is permitted 

2 The intestine proximal to the tumor must not harbor any considerable 
accumulation of fecal material 

3 The intestine must be viable and free of circulatory disturbance 

4 It must be possible to suture the ends of intestine together without 
tension 

Reichel, furthermore, admonished care in placing the sutures so that the 
approximation should be accurate He believed that poor results were due to 
emphasis upon speed of operation rather than upon exactitude Little fault is 
to be found with Reichel’s criteria, and if any one condition is to be stressed 
above the others it is that the intestine must be viable and free of circulatory 
disturbance Such favorable conditions cannot exist in the presence of 
obstruction 

It may be stated as a corollary to Reichel’s rules, that if the bowel is not 
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in a suitable state foi primar} resection and anastomosis, the operation should 
not be attempted until the adveise couditions have been corrected Any 
restriction upon immediate resection, such as obstruction, local infection, or 
fixation, must be corrected before the definitive operation is attempted In the 
occasional case it is impossible to attain wholly favorable conditions for oper- 
ation and known risks must be accepted However, the surgeon in his desire 
to hasten the patient’s recover} must not be tempted to take risks wdnch might 
be avoided by a less hasty plan 

For the purpose of discussing operative procedures, the colon often is 
duided simply into right and left halves The pioblems of surgical manage- 
ment of carcinoma m certain paits of the two mam segments, howevei, require 
moi e specific treatment and for convenience in discussion a more detailed seg- 
mentation IS offered (Fig i) Consideration wnll be confined largely to 
surgical management and surgical principles lather than to technical details, 
such as methods and mateiials employed These have been considered in a 
previous publication, and are described in a number of recent con- 
tributions 

CARCINOMA W^ITHOUT OBSTRUCTION, FIXATION, OR INFECTION 

It IS becoming increasingly evident that in the absence of obstruction, 
fixation, or infection, a carcinoma in almost any part of the colon may be 
resected and continuity immediately restored without undue risk Appreciable 
obstruction, fixation, or infection are contraindications In dealing with the 
right colon, Whipple’s^” more recent experience has led him to believe that 
wnth suitable preparation of the bow^el and care in peiformance the open suture 
technic is as safe as the so-called aseptic methods Meyer. Sheridan, and 
KozolF' have arrived at similar conclusions wuth respect to the left colon This 
does not agree wuth the findings of Stone and McLanahan It w^ould appear 
logical that the closed technic involves less contamination and is the bettei 
procedure 

In conceding the general applicability of primary resection and anastomosis 
to the uncomplicated carcinoma of the colon, reservations should be made w'lth 
respect to the splenic flexure and the rectosigmoid segment These will be 
discussed under the appropriate headings 

CARCINOMA WITH OBSTRUCTION, FIXATION, OR INFECTION 

The presence of appreciable obstruction, fixation, or infection m association 
wuth a colonic carcinoma precludes the safety of immediate resection and 
anastomosis The harmful effects of obstruction on the blood supply, viability, 
and tenacity of the proximal bowel wall are well-known and are more impor- 
tant than the bowel content 

The dangers of fixation reside in the fact that it renders mobilization 
difficult, and adjacent structures may be damaged by attempts to free the tumor 
Furthermore, fixation may be associated wuth infection, often with abscess 

129 



WILLIAM F MacFEE 


Annals of Surgery 
August 1947 


formation, and efforts to detach the tumor from its surroundings may lead to 
gross contamination through accidental opening of the bowel, or by breaking 
into an abscess The importance of draining the proximal obstructed colon for 
a period of several days before resection is attempted, and the risks of failure 
to dram cannot be questioned 

With the general principles of resection in mind we may proceed to a 
more detailed discussion of treatment according to the part of colon involved 


CARCINOMA OF THE CECUM, 
ASCENDING COLON, OR HEPATIC 
FLEXURE WITH OBSTRUCTION, 
FIXATION, OR INFECTION 



CARCINOMA OF THE CECUM, 
ASCENDING COLON, OR HEPATIC 
FLEXURE WITH FIXATION OR 
INFECTION BUT WITHOUT 
OBSTRUCTION 



Fig 2 — Obstructing carcinoma of the 
right colon (hepatic flexure) with side-to- 
side ileotransverse colostomy performed 
Note closure of space between mesenteries 
of terminal ileum and transverse colon 


Fig 3 — Carcinoma of right colon with 
fixation or infection, but without obstruc- 
tion End-to-side ileotransverse colostomy 
has been done, and closed end of distal seg- 
ment of ileum returned to usual position 


1 CECUM, ASCENDING COLON, AND HEPATIC FLEXURE 

This portion of the colon, constituting almost its entire right half, may be 
discussed as a unit, operative treatment for carcinoma in any part of it is 
essentially the same The treatment consists of resection of the entire segment 
with restoration of continuity by ileotransverse colostomy In the absence of 
obstruction, fixation, or gross infection, the operation is ordinarily done m one 
stage If obstruction is present a preliminary side-to-side ileotransverse colos- 
tomy IS done (Fig 2), with resection following in approximately two weeks 
If fixation or infection is present without obstruction, an end-to-side ileotrans- 
verse colostomy may be done and the closed distal end of the ileum returned 
to the abdominal cavity (Fig 3) After the preliminary ileotransverse colos- 
tomy, inflammation subsides , at the second operation the mass often is found 
surprisingly mobile and may be resected with ease 

With either procedure, it is important to close the opening between the 
mesentery of the proximal segment of ileum and that of the transverse colon 
Allen^° mentions a fatal case of obstruction of the small bowel from herniation 
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through the tiap left by the piehmmaiy ileotiansA eise colostomy Aftei ileo- 
colostom} has been completed, theie should be no lesort to external drainage of 
any kind It accomplishes nothing and caiiies ^\lth it all the dangers and 
disagreeable featuies associated \\ith external small intestinal fistulae 

In doing a closed ileocolostomy, one must be sine that the tiiangular piece, 
or pieces, of bowel wall grasped b) the clamps include mucosa This can be 
determined by inspecting the poitions of wall removed To be suie of patency 
after anastomosis the finger is used to mvaginate bow^el w all tin ough the stoma 
One may ask wdiy it is necessar) 
to do a complete extirpation of the 
right colon, even foi a small tumoi 
of the cecum or ascending colon The 
answ er lies niostl} m the fact that the 
ileocolic group of lymph nodes, as 
Jamieson and Dodson"*" found, ex- 
tends as high as the duodenum The 
distribution of the blood supply is 
also a consideration Stew'ard and 
Rankm,^^ and Singleton"** have called 
attention to rather frequent anomalies 
of the blood vessels of this and othei 
parts of the colon Resection of the 
right colon is sometimes regarded 
relatively safe as compared wnth the 
more distal segments Allen,*^ how- 
ever, reminds us that in most clinics 
operative mortality remains greatei m 
this segment than elsew'here 

2 TRANSVERSE COLON 

In this segment, due to its laige caliber and fluid content, obstruction is 
the exception Furthermore, the transverse colon is relatively superficial and 
tumors situated m it may be felt before they reach large size Tumors of the 
transverse colon ordinarily are well-suited to pi unary resection and anastomo- 
sis without proximal drainage Mayo and Simpson,*® reporting a series of 
cases, found that the mortality for exteriorization procedures was 20 per cent, 
whereas the mortality following resection with primary anastomosis was 1 1 i 
per cent The middle colic artery comes m for special consideration because 
of the dependence of almost the entire transverse colon upon it and the fre- 
quent necessity of resecting a portion of it with the tumor The viability of 
the ends of colon to be sutured together must be assured before the anastomo- 
sis IS made In some cases it is necessary to mobilize the splenic or hepatic 
flexure m order to bring viable ends together 

In the occasional case with obstructions, proximal deflation can be satis- 
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Fig 4 — Carcinoma of transverse colon 
with obstruction, fixation or infection 
Drainage of proximal colon by cecostomy 
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factorily accomplished by cecostomy (Fig 4) If distention is extreme, and the 
cecal wall is greatly thinned, it is better, as Rankin^" suggests, to seal off the 
anterior cecal wall and deliberately puncture it with a small needle After the 
gas has escaped the cecostomy can be performed with less danger of accidental 
lupture The bowel should be irrigated daily to insure evacuation of the 



Fig S — Simple apparatus for 11 ngating colon through 
cecostomy prior to resection The flow of water from irri- 
gating can IS controlled by means of the two hemostats 
The cecostomy tube is a mushroom (Pezzar) catheter, 
the tip of which has been cut off The fecal return is 
received by the pail below 


accumulated feces and to keep it deflated A convenient appaiatus foi this 
purpose is shown in Figuie 5 As a rule, ten to 14 days aftei cecostomy, 
resection can be carried out with safety Irrigations should be suspended until 
the anastomosis is secure and then resumed with care As soon as bowel 
movements by rectum have started, the cecostomy tube may be withdrawn and 
the wound given opportunity to heal If spontaneous healing fails or is long 
delayed, the opening may be closed surgically 

3 SPLENIC FLEXURE 

The splenic flexure comprises the splenic angle with approximately 10 cm 
of colon on either side Carcinoma arising in this segment requires special 
consideration foi several reasons 
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1 The symptoms, due mainly to beginning obstiuction, aic obscuic, and 
are oiten leleued to paits of the abdomen i emote fiom the site of the tumoi 
The treatment foi a long peiiod of time may be based on an eiioneous 

diagnosis 

2 Tumoi s of the splenic flexure oidinaiily aie high undei the costal 
inaigin iieai the posteiioi abdominal wall and cannot be palpated until they 
leach large dimensions 

3 The proximal segment of the splenic flexuie lies anteiioi to the distal 
segment and a carcinoma situated in either may not be levealed by the usual 


CARCINOMA OF THt SPLENIC 
FLEXURE, WITH OBSTRUCTION, 
FIXATION OR INFECTION 



Fig 6 — Carcinoma of splenic flexure with 
obstruction Proximal deflation and drain- 
age arc effected by cecostoniy or transverse 
colostomy Fixation or infection require 
the same treatment Possible approach 
through anterior subcostal or transverse 
incision IS indicated 


CARCINOMA or THE DESCENDING 
OR SIGMOID COLON WITH 
OBSTRUCTION, FIXATION, OR 
INFECTION 



Fig 7 — Carcinoma of descending or sig- 
mond colon with obstruction, fixation, oi 
infection Proximal drainage by cecostomy 
or transverse colostomy, preferably the lat- 
ter, is required Resection should be de- 
layed 10 to 14 days 


anteroposterior roentgenogram If examinations are not made in the oblique 
view the tumor is likely to be missed 

4 Tumors in the splenic flexure are frequently of the annular type and 
complete obstruction is often the symptom that leads to recognition 

5 Because of the delay in diagnosis, peiforation wnth abscess formation is 
common in this region 

6 Fixation of the tumor is a frequent complication 

7 Surgical access is difficult, particularly in obese patients 

All of these possibilities forecast the frequency of complications in carci- 
noma of the splenic flexure and warrant the setting apart of tumors m this 
region for particular attention Piehminary cecostoniy, or tiansverse colos- 
tomy will prove an aid often enough to justify routine use Proximal diain- 
age IS seldom a disadvantage, and may be extremely helpful 
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The surgical approach to the splenic flexure usually is more difficult than 
that to other segments and an anterior subcostal, or transverse incision is 
advantageous (Fig 6) An incision below and parallel to the posterior rib 
margin, described by Hoag,'^® appears to have merit Exaggerated fear in 
regard to healing of the transverse incision and its modifications need not be 
entertained 


CARCINOMA or THE RECTOSIGMOID 
AREA WITH OR WITHOUT 
OBSTRUCTION, FIXATION, OR 
INFECTION 


4 DESCENDING COLON AND SIGJIOID 

Enough experience has accumulated to prove that uncomplicated tumors 
in this segment may be resected without serious risk after a thorough prepa- 
ration of the bowel b}’’ conservative means Annular growths producing par- 
tial or complete obstruction, however, 
are common in the long segment of 
colon When there is a history of 
intermittent or persistent obstructive 
S)’-mptoms or evidence of fixation or 
infection, it is safer to do a cecostomy 
or transverse colostomy (Fig 7) and 
delay resection until the bowel has 
had a sufficient period of deflation to 
legain its noimal properties Ordi- 
narily this IS a matter of 10 to 14 
da3% depending upon the degree of 
obstruction or the severity of other 
complicating factors 

The differentiation between diver- 
ticulitis and carcinoma is sometimes 
a pi oblem The two conditions simu- 
late each other very closely There 
are few symptoms of one which can- 
not be attributed to the other The 
demonstration of diverticula in the 
roentgenograms does not rule out 
cancel The diagnosis can be established in most instances by repeated fluoro- 
scopic observations with the aid of the barium enema If drainage of the 
proximal bowel is earned out in the belief that an obstruction is caused by cai - 
cinoma when in fact it is due to diverticulitis, roentgenograms taken several 
days later may show that the obstruction has largely disappeared When di- 
verticula are known to be present, it is well to repeat the roentgenologic exam- 
ination before resection of a lesion presumed to be carcinoma is undertaken 
The descending colon often requires considerable mobilization before satis- 
factory anastomosis can be established but it must be freed even more if an 
exteriorization procedure is done The sigmoid, because of its length and 
mobility, IS perhaps the most adaptable part of the colon for the Mikulicz-type 
of operation , but for the same reasons it also lends itself well to resection 
and immediate anastomosis 



Fig S — Carcinoma at the rectosigmoid 
with or without obstruction Complete di- 
version of feces by transverse colostomy 10 
to 14 days prior to resection is required If 
the tumor is fixed, or gross infection is 
present, the success of anastomosis to the 
lower segment is doubtful 
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5. KKCTOSIGMOID 

This segment of colon (Fig 8) has been variously defined, but foi piac- 
tical purposes a tumor mai be said to be m the rectosigmoid when its excision 
requires transection of the bowel below the level of the reflection of the pelvic 
pgi'noneum After the resection of such a tumor, the success of an end"tO“end 
suture IS imperiled bj certain charactei istics of the longer segment which limit 
Its adaptabiht} for secure union with the upper segment 


ANASTOMOSIS BELOW 
REFLECTION OF PELVIC 
PERITONEUM 



Fig 9 — Drainage of space about anastomosis situated 
below pelvic peritoneal floor is accomplished by resecting 
the coccyx and inserting a soft rubber dram of the 
Penrose-type through its bed 

1 The lower segment lacks the visceral peritoneal investment which con- 
tributes so much to dependable apposition and prompt healing 

2 The perirectal tissues lying below the pelvic peritoneal floor are highly 
susceptible to infection 

3 Surgical access to this region is difficult 

In spite of these disadvantages there has been no lack of effort on the pait 
of surgeons to restore continuity of the bowel and preserve the function of 
the sphincters Kraske’s^”^ operation, described in 1885, was designed primarily 
for high carcinomas of the rectum, and when possible restored continuity by 
suture through a sacrococcygeal approach Hochenegg^® brought the upper 
segment of resected bowel down through the rectal sphincters and sutured it 
to the anal margin Balfour^® introduced through the rectum a large tube to 
which the upper segment was attached and partially telescoped into the lower 
Crile^2 a end-to-end anastomosis through an abdominal approach m 
much the same manner the operation is now^ performed by Dixon,^°> and 
Wangensteen Crile preceded the operation by a complete diversion of the 
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fecal stream through a transverse colostomy In addition to a tiansabdominal 
operation for the resection of carcinomas eight centimeters, or more, from the 
anal outlet, Mahorner®^ has described a technic for combined abdomino-ischial 
resection, applicable to low rectal growths, with preseivation of the sphincters 

Resection of carcinoma of the rectosigmoid with end-to-end suture through 
an abdominal approach is a practicable operation in the average case As the 
level of the tumor descends, how'ever, the risks of the operation rise rapidly 
Rather frequent infection and leakage at the site of anastomosis have been 
recorded by Wangensteen,^^ and by Waugh and Custer Wangensteen, w'ho 
performs the operation wuthout preliminary drainage or diversion of feces in 
the proximal colon, reported primary healing in only a minority of anastomoses 
followang resection of tumors less than lo cm from the anus Waugh and 
Custer mentioned cases m wdiich there w'as drainage of an abscess into the 
rectum 

The risks of leakage and infection aie materially reduced if the line of 
anastomosis falls wnthm the peritoneal cavity, or if the pelvic floor can be 
reestablished below the anastomosis, as recommended by Allen Intraperi- 
toneal resistance to infection is greatei than that of the extraperitoneal tissues 
and healing is promoted by the adherence of peritoneum at the suture line If 
the anastomosis necessaiily lies below' the peritoneal floor, drainage of the 
surrounding space is a required measure This can be done suprapubically, 
as practiced by Dixon®®’ or through an opening established immediately 
anterior to the tip of the coccyx, as advocated by Wangensteen "® More effec- 
tive drainage, how’ever, is secured by removing the coccyx and establishing a 
vent through its bed (Fig 9) The diain should be of thin, soft rubber, such 
as the Penrose-type A thick or hard tube may impinge on the bow’el and 
produce necrosis The judicious use of the antibiotic drugs affords consider- 
able security against fulminating infection in this region One of the greatest 
single measures of safety in resection and suture at the rectosigmoid level is a 
tiansverse colostomy performed several days m advance and completely 
diverting the feces 

In their conclusions. Stone and McLanahan^^ regard immediate resection, 
immediate anastomosis, and utilization of aseptic technic as the ideal type of 
operation for carcinoma of the colon There can be no disagreement w’lth 
this definition of the ideal, w’hich finds practical application in the uncompli- 
cated case The drawback resides in the fact that it is often impossible to 
know 111 advance just w’hat complications, if any, exist, and w’hat measures 
may be necessary to cope with them Theie may be, for example, an unsus- 
pected inflammatory process about the tumor, multiple adhesions of other 
viscera to it, or a walled-off perforation If the bowel proximal to the lesion 
has first had a period of partial or complete rest through cecostomy or 
colostomy, it should be in the best possible condition for whatever operative 
procedure is necessary 

When primary resection is intended and an unforeseen complication is 
encountered, there is ahvays the inclination to proceed with the definitive 
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operation as planned, bearing in mind, but at the same time disiegaiding, the 
fact that conditions foi the opeiation arc not ideal Tlie lesiilt may be chasten- 
ing to the surgeon, and irieparabh bad foi tlic patient If exploration leveals 
that immediate resection and anastomosis aic definitely not practicable, the 
decision to do a cecostomy or transveise colostomy, and wait, is not difficult 
It is the middle ground case that offers the gieatest temptation and, therefoie, 
the greatest danger 


CONCLUSIONS 

1 Uncomplicated carcinoma of the cecum, ascending colon, and hepatic 
flexure may be resected and ileotransverse colostomy performed at a single 
operation In the presence of obstruction, fixation, or infection, ileotiansverse 
colostomy should be done first a\ ith resection follow mg later 

2 Carcinoma of the transverse colon ordinarily may be lesected and 
anastomosis established as a one-stage operation Obstiuction, extensive fixa- 
tion, or infection calls for a preliminary cecostomy 

3 Carcinoma of the splenic flexure is often recognized late, complications 
are frequent, and surgical approach may be difficult Preliminary cecostomy 
or transverse colostomy should be the rule, w'lth primary one-stage resection 
reserved for the exceptional case Transverse, or subcostal incision provides 
a good exposure 

4 In the descending and sigmoid colon, primary resection and immediate 
anastomosis are permissible provided there are no complications Obstruction, 
fixation or gross infection requires proximal drainage by cecostomy or trans- 
verse colostomy, preferably the latter Diverticulosis may confuse the diagnosis 
and treatment 

5 At the rectosigmoid level, preliminary transverse colostomy wuth com- 
plete diversion of feces is a prerequisite to resection with immediate anasto- 
mosis Faulty healing of the suture line frequently results in leakage, infection, 
and fistulae The presence of feces m such a field is a serious disadvantage 

6 The space about an anastomosis established below the level of the pelvic 
peritoneal floor should be freely drained through the coccygeal bed 

7 Primary one-stage resection and anastomosis may succeed in any part 
of the colon proper, but it should not be performed for tumors in the recto- 
sigmoid and Its use elsewhere should be limited to uncomplicated lesions 
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AND Eugene P Pendergrass, M D 

pHir^DELPHIA, Pa 

FROM THE DEPARTMENTS OF SURGERT AND RADIOLOGT THE I ABORATORT OF SURGICAL PATHOLOGY AND THE 
PFNN MUTUAL LIFE INSURANCE COMPANT FOUNDATION FOR TIIL STUD\ OF NEOPLASTIC DISFASF 
THL HOSIITSL OF Till UNINFRSITY OF IENNS\L\AMA PHILADELPHIA PA 

Although most thyioid cancer occurs m nodular goiters, the incidence of 
malignant tumors in nodular goiters has been regarded by many physicians 
as too low to be accepted as a valid indication for their routine removal 
However, as the operative risk has declined, it has become probable that life 
can be saved by taking a more radical attitude toward nodular goiters This 
vie\v was recently emphasized by Hinton and Lord^® who found the incidence 
of carcinoma to be 7 6 per cent in clinically benign nodular goiters as com- 
pared to an incidence of 6 7 per cent carcinoma m clinically benign breast 
lesions The good prognosis in the group of thyroid cancers found histolog- 
ically in nodules not suspected of malignancy upon physical examination is 
another point in favor of the early removal of all nodular goiters 

The importance of both surgical and radiotherapeutic methods in the treat- 
ment of thyroid cancer is generally recognized Surgical removal, m the case 
of operable tumors, is usually the initial treatment and there are many cases 
of carcinoma of the thyroid m which the indications for treatment by some 
form of radiation are clear-cut and beyond dispute On the other hand, the 
value of routine postoperative irradiation for thyroid cancer is not a matter of 
general agreement Lahey, Hare and Warren^® recommend postoperative 
radiotherapy for all carcinomas of the thyroid, regardless of the pathologic type 
or extent of the tumor, whereas Portmann^’ considers that such routine treat- 
ment IS of no benefit in those cases in which the diagnosis of carcinoma was 
made only after microscopic examination of the excised thyroid tissue, and 
of questionable benefit in those cases in which the tumor, although suspected 
clinically, remained confined within its capsule 

It IS in an attempt to evaluate our experience wnth thyroid cancer, and 
especially to determine as far as possible the indications for postoperative 
radiotherapy, that we have reviewed the cases of carcinoma of the thyroid 
treated in the Hospital of the University of Pennsylvania since July, 1933 

INCIDENCE 

During the period from July i, 1933 to December 31, 1944, 2,079 lesions 
of the thyroid have been observed in the Laboratory of Surgical Pathology of 
the Hospital of the University of Pennsylvania These have been class fied 
in Table I 
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If the 044 nontoxic diituse goitcis included in this senes die 

eliminated fioin the computations, Hie incidence (.imoiig nodulai tliyioid 
enlargements) of adenoma becomes lo i pei cent, of papillaiy cystadenoma 

1 \1U \ 1 



NiiniliLr 

Per Cent 

DifTusc loAic goiter 

923 

44 4 

Diffuse nontoMC goiter 

21 

1 0 

Nodular nontoxic goiter 

637 

30 6 

Nodular toxic goiter 

279 

13 4 

Chronic thj roidiiis 

30 

1 4 

Tuberculosis 

1 

0 1 

\denoma 

115 

5 5 

Papillari cjstadcnoma 

11 

0 5 

Carcinoma 

62 

3 0 

Total 

2,079 

99 9 


I o per cent and of carcinoma 5 5 per cent These figui es for the incidence of 
carcinoma — 30 pei cent of all suigically treated goiters (2,079) and 5 5 per 
cent of surgicall} treated iioduh) goiteis (1,135) — are comparable to those of 
Ward,^^ whose figures, based on a considei ably larger series than ours, are 
3 per cent and 4 8 per cent, respectnely Cole, Slaughtei and Rossiter"^ repoit 
that 7 2 per cent of the 523 nodulai goiters they obseived were malignant, and 
Stout'® reports that 2 5 per cent of the 4,671 goiters of all tjpes treated surgi- 
call} at the Presbyterian Hospital m New York between 1924 and 1944 were 
malignant Bremzer and McKnighP noted an incidence of carcinoma of 4 per 
cent in 2,324 patients with nodulai goiters 

In the series of cases of th}roid caicmoma which we have analyzed ive 
have included, m addition to the 62 cases noted above, five patients who had 
no surgical treatment but on wdioin autopsy material is available, thiee 
patients, also dead, on whom no pathologic material is available but whose 
clinical courses leave little doubt as to the diagnosis (all had roentgenographic 
evidences of metastases) and one case m which a pathologic diagnosis was 
made elsewdiere and confiimed m this laboratoiy but m which the material is 
no longer available and cannot be review^ed for pathologic classification 


(Table II) 

Tablf II 

CASES Ob TH\ROID CARCINOMA OBSERN ED AT THE 
HOSPITAL OF THE VJNIVERSITA OF PENNSMVAMA 
Julv I 1033 - December 31 I044 

Cases treated surgically (HUP) 62 

Autopsied cases (no surgical treatment) 5 

Total cases m which pathologic material is available 67 

Cases treated surgically elsewhere (pathologic diagnosis made but material 
not now available) 1 

Cases diagnosed clinically (with roentgenographic evidence of metastases) 3 


Total cases yj 

We have excluded several patients diagnosed clinically as having carcinoma 
of the thyroid but wdio died or w ere lost from follow -up wuth evidences of local 
disease only and who, therefore, may have had chronic thyroiditis rather than 
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neoplasm Such exclusions are moie or less balanced by the exclusion of 
several living patients who possibly, or probably, had malignant thyroid lesions 
but with regard to whom the clinical data are insufficient or the pathologic 
material inadequate to assure us of the diagnosis During this 1 1 5-year period, 
then, 71 cases of carcinoma of the thyroid have been observed and treated in 
the Hospital of the University of Pennsylvania 

AGE 

Seventy per cent of this series of tlyuoid carcinomas weie recognized in 
patients between the ages of 41 and 70, an age-incidence very similar to that 
reported by Ward Our senes includes one patient 19 years old, and 17 be- 
tween the ages of 25 and 40 years Although it is not apparent in our mate- 
rial, the occurrence of thyroid cancer in childhood is well known 

Portmann’^'^ has classified thyroid carcinomas according to the extent of 
the disease as follows 

Group I — Cases without clinical evidence of malignant tumors of the 
thyroid gland, the neoplasms being small and discovered only after microscopic 
examination of tissues removed 

Group II — Cases without clinical evidences of malignant tumors of the 
thyroid gland or their presence suspected only on the basis of the age of 
patients and recent rapid enlargements of goiters of long-standing, or discov- 
ered at operation or microscopic examination and the tumors still localized 
within the capsule of the glands 

Group III — Cases with clinical or pathologic evidences of malignant 
tumors of the thyroid gland which had invaded or extended outside of the 
capsules of the thyroid glands but without clinical 01 roentgenologic evidences 
of metastases 

Group IV — Cases with clinical or pathologic evidences of malignant 
tumois of the thyroid gland and also clinical or roentgenologic evidences of 
metastases 

Table III 

AGE DISTRIBUTION OF PATIENTS WITH THYROID CARCINOMAS 
(classified ACCORDING TO PORTMANN S METHOD) 


Portmann s Group 

Total No Pts 

No Pts under 
SOVrs of Age 

Per Cent 

I 

27 

19 

70 

11 

S 

4 

80 

III 

23 

7 

30 

iv 

IS 

6 

40 


— 

— 

— 

Total 

70* 

37 

S3 

* The clinical 

data are insufficient 

to classify one 

patient 

according to this method 




Classification of the present series by this method (Table III) brings out 
the interesting observation that 70 per cent of the patients in Groups I and II 
were less than 50 years old, whereas, of the patients in Groups III and IV, only 
34 per cent were under 50 years of age, when they first came under oui 
observation 
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Fifty-four, or 76 pci cent, of the patients in oui senes were women, a ratio 
of approxiinateU thiee females to one male \\ aicF’ icports a sex latio of one 
man to three or foiii women foi malignant goiter and he, as well as Cole, and 
his associates,*^ and others, note e^en gieatei preponderance of othei thyroid 
lesions in the female sex 


THYROTOXICOSIS 

Of this group of 71 patients with thyroid carcinoma, two (3 per cent) 
showed unequivocal evidences of h) perthj roidism and in foiii othei s theie was 
less definite, or questionable, evidence of thyrotoxicosis Although caicinoma 
is rare m toxic diffuse goiter (Ward-^ encountered only one carcinoma in 
I 900 toxic diffuse goiters, and Cole and his associates'^ one in 435 cases), the 
association of clinical manifestations of thyrotoxicosis with malignant lesions 
of the thyroid is not uncommon and has been reported to occur in as high as 
33 5 per cent of a series of 245 cases of th} roid carcinoma by Pemberton and 
Lovelace GoetsclP has described nine carcinomas in diffusely hyperplastic 
goiters One of our unquestionably toxic patients died as a lesult of the carci- 
noma, the other whose carcinoma was small, and an incidental pathologic 
finding, is alive and well more than nine years after surgical excision 

RELATIONSHIP OF CARCINOMA TO NODULAR GOITER AND ADENOMA 

Cole, and his co-authors^ have emphasized the frequency w ith w'hich nod- 
ular goiters may become malignant Eleven per cent of the 100 non toxic multi- 
nodular goiters in their series w'ere identified as carcinomas, and no less than 
24 per cent of the solitary nontoxic nodules w^ere malignant Lahey, Haie 
and Warren believe that 80-90 per cent of thyroid tumors arise from preexist- 
ing adenomas, a conclusion w ith wdiich most w riters are essentially in agree- 
ment Lahey, and Warren-^ also emphasize the frequency with w'hich the 
solitary nodule proves to be malignant There is ample evidence that a large 
proportion of the carcinomas in our series had their origin m preexisting 
benign tumors, but in many cases our material and data are not sufficiently 
complete to permit us to reach any definite opinion on this point However, 
74 per cent of the patients in this series gave a history of a preexisting goiter of 
at least one year’s duration and 42 per cent had a history of a goiter of at least 
five years’ duration Many of the goiters had been present for 10 to 15 years, 
or longer, and three for more than 35 years The history of preexisting goiter 
was most striking in the cases of Group I (Portmann’s classification), all of 
which had a history of a goiter of at least one year’s duration and 69 per cent 
of which had had a goiter for five years, or more 

PATHOLOGIC CLASSIFICATION 

The pathologic classification w^e have used is essentially that proposed by 
Warren 23 However, we have frequently found it difficult or impossible to 
distinguish between malignant papillary cystadenoma and papillary adenocarci- 
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noma and, therefoie, placed all the paptllai^^ tumors in a single group and 
listed them, along with the malignant adenomas, as tumors of low or potential 
malignancy With regard to this point, it is of interest that Lahey, Hare and 
Warren’^ report a higher incidence of five-year survivals (8o per cent) for 
papillary adenocarcinomas, which they consider to be of an intei mediate grade 
of malignancy, than for the potentially malignant papillary cystadenomas with 
blood vessel invasion (62 per cent) Ward"^ classifies tbe malignant adenoma 
as of a higher grade of malignancy than the papillary caicinoma The classifi- 
cation of the 67 cases in our series on w Inch pathologic matei lal is available is 
given in Table IV We have followed Stout-® m grouping the Hurthle cell 
carcinoma vith the less malignant tumors, especially since the single case of 
this type m our series \\ as a clinically unsuspected, encapsulated tumor which 
did, ho\\ever, show intravascular growth 

T\BLt: IV 


Number Per Cent 


1 

Low degree of malignancj 

41 


61 5 


Malignant adenoma 


20 

30 


Papillary carcinoma 


20 

30 


HUrthle cell carcinoma 


I 

1 S 

11 

Moderate degree of malignancy 





Adenocarcinoma 

18 


27 

111 

High degree of malignancy 

8 


11 5 


Small cell carcinoma 


1 

1 5 


Giant cell (and spindle cell) carcinoma 


7 

10 


In the case of tumors show ing a variable histologic picture, w e ha^ e clas- 
sified them according to the piedominant type of grow’th (Fig i) The rela- 
tive numbers of each type show' a distribution not veiy difteient from that 
reported by Cole, and his associates,^ and by Stout-® We did not encountei 
any squamous cell tumors in this study Although small areas of squamous cell 
differentiation were present in seveial of our carcinomas, this type of tissue 
did not predominate m any case Two of the tumors in this senes weie com- 
posed almost entirely of spindle-shaped cells Both show'ed aieas indicating 
their caranomatous nature, and m one case theie were colloid-contaming fol- 
licles in a uterine metastasis 


METASTASIS 

Metastases occurred in 25 of these 71 patients Theie w'eie 33 difteient 
sites of involvement, the most frequent being the cervical lymph nodes (ii 
times), bones (nine times) and lungs (six times) The liver, cerebium and 
mediastinal nodes were each involved twice and the uterus once Multiple 
metastases w'ere especially noteworthy in the cases wuth bone lesions, one 
patient showing widespread involvement of the entire osseous system The 
femur w'as involved in four instances, the bones of the skull and pelvis each in 
three instances and the sacrum twice Single cases show'ed metastases in the 
thoracic and lumbar spine, rib, humerus, radius and mandible 
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BLOOD VESSEL INVASION 

Definite histologic evidence of blood vessel invasion was encountered in 36 
(54 per cent) of 67 cases We have not found intravascular growth to be of 
significance in the prognosis of thyroid cancer Twenty-four of the cases in 
which this finding was present have been followed for three years, or more, 
and 1 1 of them are wuthout symptoms, and have survived for periods of from 
three to 12 years On the other hand, as originally pointed out by Graham,® 
blood vessel invasion is an extremely useful and important diagnostic criterion 
Its importance is greatest in the adenoma mahgnum group, w'here the diagnosis 
of malignancy must not infrequently rest largely, or wholly, upon the basis of 
this finding 


RESULTS OF TREATMENT 

There is general agreement in the literature upon surgical removal as the 
initial treatment of choice in thyroid cancer Indeed, as already pointed out, 
the diagnosis is frequently unsuspected until after surgery has been performed 
There is similar general agreement upon the efficacy of radiation therapy, 
especially for papillary tumors "• Lahe}^ Hare and Warren^"’ 

recommend postoperative radiation in all cases in w'liich a diagnosis of carci- 
noma IS made, regardless of the type or extent of the tumor 

Our senes includes several cases in which surgical removal of a carcinoma 
of the thyroid was knowm to be incomplete, but in which the disease has been 
arrested by radiation therapy, and the patients have survived without symp- 
toms over long periods of time One such patient is alive and w^ell 7 5 years 
after incomplete removal of an adenocarcinoma, another is alive and w'lthout 
symptoms eight years after simple biopsy of a papillary carcinoma A number 
of other patients have survived for 2 to 4 years following incomplete extirpa- 
tion or biopsy and irradiation Some of the patients in this last group have 
subsequently died, but several are alive and are asymptomatic 

It must be remembered, however, that, in cancel of the thyroid m partic- 
ular, we must be cautious in speaking of “cures,” since many patients remain 
w^ell for five, or more, years following the diagnosis of carcinoma and the initial 
treatment only to succumb later with extension of the malignant disease Our 
series includes one patient who developed a metastasis m the humerus after 
eight asymptomatic yeais following thyroidectomy for an adenocarcinoma 
Her arm was amputated, and she remained well for another three years before 
developing multiple bone metastases This patient was a “ten-year survival” 
although she eventually died as a result of her thyroid carcinoma 

Nevertheless, m the light of our experience, there can be no doubt of tbe 
value of roentgenotherapy, even though we may never be assured of permanent 
cures by this means Among the patients w^e have studied there is one who 
had a small cell carcinoma (Fig 2), and who is alive and well ten years after 
surgical removal and irradiation, and one patient with a giant cell carcinoma 
(Fig 3) w'ho survives ten years after partial surgical removal and postoper- 
ative roentgenotherapy Both of these patients had tumors of a pathologic type 
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^\hlch Ward‘d consulcis hopeless We have biiefl} noted instances of favor- 
able results in cases of foui different pathologic types, but it should be added 
that our experience is in agreement with that of others in that the papillary 
carcinomas appear to be more ladiosensitive than other types 

In Table V our five- and tcn-}eai suivnals are listed according to the 
pathologic classification of the tumors Table VI lists the survivals according 
to Portmann's^" classification In each table the survivals — those patients 
kno^\ n to be In mg and ^\ ithout s} mptoms — ^liave been computed on the basis 
of the total number of patients treated more than five (or ten, as the case may 
be) jears ago 


Tabu V 


U\F- AND T^S.^r\K ACCORDING TO PATIIOI OGIC CLASSIFICATION 


Type of Tumor 

No of Pts 
Treated 
more than 

5 Yrs ago 

S-Vr 

Surv i\ als 

No Per Cent 

No of Pts 
Treated 
more than 

10 Yrs ago 

No 

10- Yr 

Surviv als 
Per Cent 

Malignant adenoma 

13 

7 

54 

4 

2 

50 

Papillary carcinoma 

11 

7 

64 

6 

4 

67 

Malignant adenoma and 
papillary ca (together) 

24 

14 

58 

10 

6 

60 

Adenocarcinoma 

12 

6 

50 

6 

3 

50 

Small cell caranoma 

1 

1 

100 

1 

1 

100 

Giant cell carcinoma 
(incl spindle cell ca-) 

ft 

5 

2 

40 

2 

1 

SO 

Small cell and giant cell 
carcinoma (together) 

6 

3 

50 

3 

2 

67 



— 

— 

— 

— 

— 

Totals 

42 

23 

55 

19 

11 

58 


Table VI 

Fi\E and tfn tear surmvals (according to portmann’s classification) 



No of Pts 



No of Pts 




Treated 


5-Yr 

Treated 

10- Yr 


more than 

Survivals 

more than 

Survivals 

Group 

5 Yrs ago 

No 

Per Cent 

10 Yrs ago 

No 

Per Cent 

I 

14 

12* 

86 

8 

6* 

75 

II 

3 

2 

67 

1 

1 

100 

III 

17 

7 

41 

8 

4 

SO 

IV 

9 

2 

22 

3 

0 

0 

Unclassified 

1 

0 

0 




Totals 

44t 

23 

52 

20t 

11 

55 


*Onlj, one death among the patients in Grodp I is attnbutable to the thyroid 
carcinoma 

t 41 of these 44 patients ha\e been followed Two patients are included, on whom 
pathologic matenal is not available 

1 19 of these 20 patients have been followed One patient is included, on whom pa- 
thologic matenal is not available 


In our experience, as presented in Table V, the pathologic classification of 
a thyroid carcinoma has a limited bearing on the prognosis On the other hand, 
the end-results in the early cases (Groups I and II — Portmann) are strikingl}- 
better than m the more advanced cases (Groups III and IV — Portmann), 
legardless of tumor t}pe (Table VI) It should be noted, however, that the 
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Fig 2 — Small cell carcinoma of thyroid The patient, a 19-year-old male, 
IS alive and well, ten years after surgical removal and postoperative radiation 



Fig 3 — Giant cell carcinoma of thyroid The patient, a 54-year-old female, is 
ali\e and well, ten years after surgical removal and postoperative radiation 
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last two groups hkIucIc a sigmfKauth gicatei numbei of patients ovei 50 
\ears of age than do tlie fust two groups (Table III) and that, tberefoie, the 
patients in Guotrs III and 1 \* ha\e a shoitei life-expectancy regaidless of the 
ad\anced state of then tlnioid caicinoinas 

Among the deaths occunuig in Gkolp I cases, onh one could be attributed 
duectly to the tlnioid caicinoma One patient with a malignant adenoma died 
aftci foui \eats with an independent pnmaiy caicinoma of the gallhlacldei , 
one with an adenocaicinonia aftei six \eais of a “stioke”, and the thud, who 
had a papillar\ caicinoma. aftei nine \eais with a laige gastiic ulcei and lenal 
decompensation At the tune of death none of these thiee patients had evidence 
of recurrence 01 metastasis of the tlnioid caicinoma One patient is alive, w'lth 
metastases se\en and one-half \eais aftei opciation At fi\e yeais she had 
been as) mptomatic 

^lam authors, notahh \Vaid and Poitmann,’" among those who lecenth 
ha\e written on the subject. liaNC emphasized the tiemendoiis impoitance of 
the extent of the disease m detei mining the piognosis The expeiience of Rosh 
and Raider.’*^ as well as our own fuilhei sujipoits this Mew' 

POST OPCH \TI\ r K \ni VTIOX 

Appioximateh one-half of the patients in Group I (Poitmann,^* Table 
VII) received postoperatne ladiation. whereas almost all of those in the othei 
groups were so tieated Exceptions among the latter weie, foi the most pait, 
patients who died before treatment could he instituted or befoie moie than 
minimal amounts of radiation could he administeied The series, exclusive of 
the cases in Group I includes ii fi\e-\eai suivnals and five ten-year survivals 
All but one of these patients recened ladiation Oui senes does not include 
an adequate group of patients m Portmann's Groups II, III and IV who did 
not recen e radiation to he used as a control series In view of the charactei and 
extent of the lesions in these patients, the results obtained with opeiation and 
radiation w ere much better than had been anticipated The pi olonged survival 
of certain patients in whom the carcinoma could not be entirely lemoved, as 
judged gross!} leaves little doubt of the effectiveness of radiation 


T\Bi.n VII 


coMi>\RisoN 01 Tin Group I surmvvis amth \vd without radi\tios 


No of Pts 
Treated 
more than 
S Yrs ago 

W'lth radiation therapv 7 

W'lthout radiation therapy 7 


No of Pts 

S Yr Treated 10-Yr 

Survit aN more than Survivals 
No Per Cent 10 Yrs ago No Per Cent 
7 100 5 4 80 

5 71 3 2 67 


The patients in Group I include three who died of unrelated conditions, 
'Mthout evidence of recurrence or metastasis of the thyroid tumor and one 
nonirradiated patient (not counted as a survival) who has been lost to follow'- 
Thus, this group included only one case w'ho is knowm to have died of 
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thyroid carcinoma within ten years This patient was treated postoperatively 
by irradiation, but it is to be noted that her tumor was of the highly malignant 
spindle cell type 

In addition, one patient who survived ten years subsequently died with 
metastases, and another patient has developed a metastasis m the sacrum after 
seven and one-half years of freedom from clinical evidence of disease Neither 
of these two patients received roentgenotherapy 

When one takes the pathologic classification into consideration, compari- 
sons between radiated and nonradiated cases are possible only with the least 
malignant types Our series includes nine five-year survivals and five ten-year 
survivals among patients with tumors classified as adenocarcinomas or giant 
cell, small cell or spindle cell caicinomas, but all of these patients were radiated, 
with the single exception of the ten-yeai survival, already mentioned, who sub- 
sequently succumbed to her disease Table VIII compares the results with and 
without roentgenotherapy in the papillary caicinomas and malignant adenomas 


Table VIll 

Tn\ROtD CARCINOMAS OF I OW OR POTCNTIVL MALIGN ANCS 



No of Pts 
Treated 
more than 

S Yr 

Sun ivals 

No of Pts 
Treated 
more than 

10 Yr 
Survivals 


S Yrs ago 

No 

Per Cent 

10 Yrs ago 

No 

Per Cent 

Malignant Adenomas 

With radiation therapy 

8 

4 

so 

2 

1 

so 

Without radiation therapy 

S 

3 

60 

2 

1 

SO 

Papillary Carcinoma 

With radiation therapy 

6 

S 

83 

4 

3 

7S 

Without radiation therapy 

5 

2 

40 

2 

1 

SO 

Total 

With radiation therapy 

14 

9 

64 

6 

4 

67 

Without radiation therapy 

10 

5 

40 

4 

2 

SO 


Table IX 

THYROID CARCINOMAS OF INTERMEDIATE AND HIGH DEGREES OF MALIGNANCY 

No of Pts No of PtS 

Treated 5-Yr Ireated 10 Yr 

more than Survivals more than Survivals 

5 Yrs ago No Per Cent lOYrs ago No Per Cent 
With radiation therapy 17 9 S3 8 4 SO 

Without radiation therapy 3 1 33 2 1 SO 

The figures in Table VIII suggest that benefit is more likely to be obtained 
from radiotherapy in the papillary carcinomas than in other types, a point 
which is in agreement with general experience of others 

Table IX compares the results with and without radiation m the more 
malignant tumors The differences are not statistically significant The num- 
ber of cases is small, and it must also be remembered that the advanced cases 
with a poor, or hopeless, prognosis were usually given roentgenotherapy 
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These data suppoit the opinion of Poitmann that loutine postoperative 
roentgenotherapy does not clcai 1} benefit the patient w ith a malignant adenoma 
or papillar\ carcinoma of the tinroid ^^hlch has been discovered only on path- 
ologic examination and vhich is confined within a capsule However, our 
clinical obsenations lead us to behe\c tiiat all othei cases should receive radia- 
tion therap} 


LVTnU\L AUnURXNT THYROIDS 

During the ii 5 }ears co\ered b\ this repoit we have encountered four 
lateral aberrant tlnroid tumois The subject of lateial thyroid tumors has 
been thoroughly di'^cusscd In Fiantr. and hei associates/ and by Clay and 



A B 

Fig 4— (A) Papillary carcinoma of lateral aberrant thyroid 
(E) Carcinoma of the mam thyroid gland of same patient, a 22-year-oId male 


Blackman 2 One of the lateral thyroid lesions in our series w'as benign but the 
other three were malignant, and all were predominantly papillary, with mul- 
tiple lateral cervical nodules The three patients with carcinoma were all 
males, age 19, 22 and 39, respectively All are living without symptoms follow- 
ing surgical removal and roentgenotherapy, but they have all been treated 
wuthin the past three years 

One patient in this group w'as the subject of radical neck dissection, during 
course of w^hich the homolateral lobe of the thyroid gland was resected 
ne operating surgeon (J E R ) w^as not aw^are of any suspicious lesion in 
t e lobe but, nevertheless, a small carcinoma was detected on pathologic exam- 
ination (Fig 4) 'I'he mam thyroid glands of the other two patients have not 
een removed, or explored, surgically, but neither patient presents clinical 
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evidence of involvement of the main gland as 5'et Clay and Blackman- believe 
that the so-called lateial thjroid tumors are all metastases from occult carci- 
nomas of mam thyroid gland Frantz, and hei associates,^ on the other 
hand, are convinced of the origin of these tumors in aberrant thyroid tissue, 
despite a frequent association vith carcinoma m the main gland, which they 
consider to be independent Oui experience wnth these lesions is too small to 
peimit us to diaw any conclusions on this point but, since collecting this series, 
we have obseived two additional patients with multiple, malignant lateral 
cei vical thyi oid tumoi s Although the thyroid glands of these patients appeal ed 
noimal at surgical exploration lobectomies were pei formed, and small carci- 
nomas weie found in both cases This limited experience lends some support 
to the contention of Clay and Blackman,- and of King and Pemberton,^- that 
the so-called lateial abeiiant th3'ioid caicinomas are, in reality, metastases 
fiom tumoi s of the thyioid gland 

The tw o patients w ho have not had thyi oidectomies have done w ell Both 
have had loentgenotheiap}'^ The follow-up is still much too short to peiinit of 
accuiate evaluation In the case of the 19-year-old bo), the tumor was consid- 
eied inopeiable at a second opeiation foi lemoval of recurient or newl)- 
developing nodules Following intensive ladiation, however, surgical removal 
w'as leadily accomplished at a latei pioceduie The 39-yeai-old patient had a 
somewhat similar experience He developed new 01 lecunent nodules wnthin 
five months of the opeiative lemoval of the tumoi observed originally These 
w'eie very extensive and complete lemoval was impossible Following radiation 
this patient has lemamed without clinical evidence of thyroid 01 lateral thyroid 
disease foi three and one-half years 

n\DIOLOGIC CONSlonRAHONS 

Fifty-two of the 71 patients in this gioup received ladiation theiap)' The 
lecoids of 50 aie complete wnth respect to technical factors and dosage 

Although the treatment was modified to meet individual 1 equirements, 
most of the patients weie tieated at 20okv , isma , 05 mm of copper and 
I mm of aluminum filtration added, and 50 cm T S D Thiee portals w^eie 
commonly diiected to the neck, each lateial and an anterior j^ortal, wuth a 
posteiior poital sometimes added The portals usualty measured 10 x 13 cm 
01 15 X 16 cm 

Most of the patients were given from 1,500 to 2,000 an roentgens to each 
poital in daily amounts of 200 an roentgens to one or two portals The average 
total dose to the neck w^as about 5,000 air roentgens Larger doses w'ere given 
m seveial series At present, our polic}' is to w'ait at least 2 to 3 months fol- 
lowing surgery before beginning radiation therapy in order to permit physio- 
logic repair to take place If the surgical procedure is limited to a simple 
exploration and biopsy, irradiation is instituted immediately 

The average total dose to the neck among those patients who have survived 
five years, or more, w'as about 6,000 air roentgens The smallest dose in this 
group of five-year survi-vors w^as 4,896 air loentgens 
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In the gioup of laUi.il ahenanl thyioul c.iuinoni.is, all thiee have leceived 
ladiation thciap\ Suinl.u lei him al fatlois to those ahoxe \\eic cniplnyecl and 
the total dosage w.is j mo to 3,o(y) .in loentj^cns to each of two oi thiec 
portals 

Two patients with hoin inetast.ises weic tie.ited ovei the involved aieas, 
and one showed lec.ilcilic.ition of the lesion .iftei i,ooo to 1,500 an loentgens 
had been gi\en to two poitals, while the othei showed no 1 ecalcification after 
1,000 to 2 500 an loentgens had been given to thiee poitals One patient wnth 
pulnionai} nietastases showed definite clinical and 1 oentgenogiaphic evidence 
of iniprocement after 1,200 to 1.600 an loentgens to anteiioi and posteiioi 
portals, respectu eh 

Our dosage to the piiniaiy tumoi is quite siniilai to that of Haie’s^ wdio 
attempts to gne 6000 loentgens to the tnmoi bed This amount, he believes, 
IS close to the lethal tumoi dose He, howecei, begins theiap) five 01 six days 
after opeiation because he has obseiied two cases who developed evidence of 
recurrence within two weeks aftei opeiation 

In none of our patients has theie been an) dela) m wound healing Muco- 
sitis usuall) de\ eloped after 12 to 14 days of tieatment The external skin 
reaction reached a maximum aftei about a montb 

One of our patients pi esented an intei estmg pi oblem m the management of 
pulmonary metastases The 1 oentgenologic examination of the chest levealed 
increased prominence of the 1} mph nodes 111 each hilum and an inci ease of the 
prominence of the lung mai kings in the light uppei lobe, wdnch w'as legarded 
as evidence of metastasis Approximately 4,000 an roentgens w^eie given to 
each of four portals diiected tow aid the mediastinum This lesulted in a tissue 
dose of 3,698r to the centei of each lung Two months later the patient le- 
turned with dyspnea and cough following a cold A roentgenogiam at this 
time showed bilateral pneumonitis, and the possibility of radiation pneumonitis 
was considered The patient’s couise continued downhill in spite of medical 
measures to combat infection, and he died At autopsy, in addition to meta- 
static involvement of the hilar lymph nodes, a veiy film infiltration of the light 
upper and left lowei lobes was found Histologic examination levealed ladia- 
tion pneumonitis and metastatic carcinoma We believe that the presence of 
metastatic carcinoma in this patient’s lungs rendered him especially susceptible 
to radiation pneumonitis, and we would advise ti eating such patients wnth 
exti eme caution 


&UMAIARY AND CONCLUSIONS 

Seventy-one cases of caicmoma of the thyioid and thiee of lateial thyioid 
carcinoma treated at the Hospital of the Univei sity of Pennsylvania dm mg an 
1 1 5 -year period have been 1 eview^ed Sixty-two thyroid cancers w ere encoun- 
tered among a senes of 2,079 sui gically-treated thyioid lesions, an incidence 

30 per cent This is an incidence of 5 4 pei cent of caicmoma in 1,135 
surgically tieated nodiilai goiters 

Although the age-incidence is not greatly difterent from that of caicmoma 

153 



HORN, WELTY, BROOKS, RHOADS AND PENDERGRASE sur«rr 

AufUlt 1947 

of other organs, the thyroid carcinomas occuinng in the younger age-groups 
tend to be of the less malignant pathologic types and to be less advanced in 
their growth when they first come under observation 

A majority of thyroid carcinomas are of the papillary or malignant ade- 
noma types, which may be grouped togethei as Gradc I tumors, or tumors of 
low or potential malignancy Fifty-eight per cent of the patients treated for 
tumors of these types more than five years ago, and 6o per cent of those treated 
more than ten years ago are alive and well Although the prognosis in tumors 
of other pathologic tj'pes is poorer, the ten-3'ear survivals m our series include 
one patient with a small cell carcinoma and one with a giant cell carcinoma 
So far as prognosis is concerned, the extent of the disease at the time treat- 
ment IS instituted is more significant than the pathologic type Eighty-six per 
cent of the patients whose tumois were discovered only on pathologic exam- 
ination, and who were treated more than five years ago, are alive and well 
Seventy-five per cent of such patients treated more than ten years ago are 
alive and well 

Many patients with thyroid cancer develop metastases or recurrences five 
years, or more, after their initial treatment This series includes one patient 
who died with metastases more than ten years after thyroidectomy 

In view of the relatively small risk of operation, it vould appear wise to 
recommend the surgical excision of all nodular goiters unless strong contra- 
indications exist If carcinoma is present and extends through the capsule of 
the gland, postoperative radiation should be instituted It has been especially 
effective in the papillary caicmomas The benefits of postoperative radiation 
in cases in which the carcinoma has not extended through the capsule are not 
clear from the present study So many of these patients do well that a consid- 
erably greater experience will be required before postoperative radiation in this 
group of cases can be finally evaluated 
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PRIMARY CARCINOMA OF THE LUNG, 

WITH INVASION OF THE RIBS 

PNEUMONECTOMY AND SIAIULT VNEOUS BLOCK RESECTION OF THE CHEST WALL 

Frank Philip Colem-vn, M D 

Riciimoxd, Va 

Clinical reports have diiected little attention to the incidence, behaMOi 
and treatment of caicinoma of the lung invading the boii)' thoiax and such 
extension has been accepted geneially as contraindication to cuiative surgical 
attempts The purpose of this communication is to question the relega- 

tion of these patients to an incurable gioup and to emphasize a method ot 
tieatment based upon sound principles of cancel suiger}’^ 

The incidence of bony thorax invasion is piobably between five and ten 
pel cent of all patients w ith cai cmoma of the lung Pathologic studies^’ " 
have not only pointed out the fiequency of chest \\all invasion, but have 
emphasized the behavioi of the cell type in relationship to iib eiosion In 
Koletsky’s"’ study, five, oi 8 3 per cent, of the 40 patients v ith squamous cell 
carcinoma of the lung showed an associated rib destruction, and this obseiva- 
tion was confined to this cell type A histologic diagnosis of piimaiy cancel 
of the lung w'as made in 88 consecutive cases during the past eight years by the 
authoi Seven patients, or 8 pei cent, showed invasion of the chest wall, 
cbai actei ized by rib destruction m six cases 

The relationship of the cell type of carcinoma of the lung to eiosion of the 
libs or vertebrae is striking, however, theie is a paucity of hteiature in 
attempting to coiifiim this coi relation The majority of so-called Pancoast® 
tumors aie caicinomas of the lung These tumois have as one clinical featuie 
the local and adjacent destiuction of a rib, and it was of interest to leview the 
cell types of some of the published cases Stein^° reported 27 cases of malig- 
nant lesions in the region of the pulmonaiy apex, so-called superior pulmonar) 
sulcus tumois In nine bronchogenic caicinomas in wdnch the cell type w'as 
determined, six weie of the squamous cell vaiiety and three weie classified as 
adenocarcinomas Habein and Millei^ were able to collect, in 1938, a senes 
of 27 reported cases fulfilling the lequirements for a diagnosis of a Pancoast 
tumoi The cell type w'as given in 19 tumois, and in 14, wdieie the broncho- 
genic oiigin seemed most probable, the squamous cell vaiiety accounted foi 
ten, adenocarcinoma twm, medullaiy caicinoma one, and undiftei entiated cai- 
cmoma one Five of the 100 patients with caicinoma of the lung studied at 
autopsy by Koletsky'^ show^ed 11b destruction, and m each instance the 
squamous cell type of tumor w^as present In my senes of 88 histologically 
proved caicinomas of the lung, the incidence of the squamous cell vaiiety w^as 
47 pel cent, adenocai cmoma 24 i per cent, and small cell carcinoma 289 per 
cent The cell type was unclassified in five cases The six cases showung 
invasion and desti uction of a 1 ib 01 ribs w ere of the squamous cell type One 
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adenocaicinoma showed pencostal invasion of the soft tissue of the chest wall, 
but tlieie was no osseous extension of the tumor In our study of cases, 15 4 
per cent of the squamous cell variety of lung cancer invaded the ribs, and this 
behavioi was limited to this cell type Squamous cell carcinomas of peripheral 
bronchogenic ongm constitute the majoiity of primal y lung tumois character- 
ized by invasion of the chest wall with 11b destruction 

The behavioi of peiipheral squamous cell caicmomas is not unlike the 
more centially placed tumors of this type This variety of tumor invades con- 
tiguous structures, infiltrates, grous slowly and metastasizes late in the course 
of the disease In 100 postmortem examinations, Koletsky^ found no extra- 
thoracic dissemination in 65 per cent of the 40 cases with the squamous cell 
type Olson"^ found regional node metastasis m 55 per cent and no nodal 
involvement in 14 per cent of 27 squamous cell carcinomas studied at autopsy 
The behavior of this cell type is well-appreciated clinically Thirteen of the 14 
surviving patients m Adams^ senes of 49 pulmonary resections belong to the 
squamous cell group In my series of 88 patients with carcinoma of the lung, 
it was possible to undertake a curative resection m 17, and of this group eight 
were of the squamous cell variety^ 

Although extension of carcinoma of the lung to the bony thorax is indica- 
tive of a well-advanced lesion, it is not indicative of a hopeless situation If 
the local lesion can be excised with a healthy margin of soft tissues and bony 
thorax, the prognosis is favorable In four cases accompanied by nb destruc- 
tion, Koletsky® found no metastasis to the regional nodes at autopsy In the 
SIX patients herein reported, there was no extension to the regional nodes 

Primary carcinoma of the lung accompanied by nb destruction in the 
majority of instances is due to the squamous cell type of tumor The favorable 
pathologic behavior of this cell type lends itself well to radical cancer surgery 
This has prompted the following case reports 

CASE REPORTS 

Case 1 — C C, a 40-year-old white female, had an ii months’ history of pain in 
the right chest unaccompanied by cough or other symptoms suggesting pathology of the 
right lung The pain did not radiate down the right arm but remained localized to the 
right side of the chest The pain was described as being of a sharp and “tearing” char- 
acter, and for two months prior to her hospital admission morphine had been used daily 
to alleviate this symptom The past history did not contribute any pertinent information, 
and the family history was irrelevant 

Physical Emmmatton The patient was having acute pain Tenderness was present 
over the third nb adjacent to the spine No other physical findings of pathology were 
present The routine laboratory studies were negative Roentgenologic examination of 
the thorax revealed a right apical tumor mass adjacent to the spine The diagnostic 
bronchoscopy was negative and the right upper lobe orifice did not appear to be retracted 
upward A diagnostic pneumothorax revealed a tumor mass involving the right upper 
lobe and the adjacent thoracic wall (Fig i) The third nb was partially destroyed 
adjacent to its respective transverse process 

Operation February 2, 1940 A right upper lobe lobectomy was performed, remov- 
ing a block of the chest wall with the specimen Posteriorly, the second, third, fourth 
and fifth ribs and their respective transverse processes were divided The neurovascular 
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bundles were ligated The ribs and intercostal bundles were divided in the anterior 
axillary line The tumor mass bad invaded and destioj'ed tlit bead of tlie third rib and 
the tip of the third transverse piocess There was no metastasis present in the medias- 
tinal nodes 

Patlwloyic Kipoil Squamous cell eartmoma of the lung with osseous invasion of 
the third rib and transverse process 


A 



B C 


Fig I — (A and B) Case i Routine and overexposed roentgenograms show- 
ing destruction of 3d, and 4th ribs adjacent to transverse processes 

(C) Postoperative roentgenogram showing upper lobe lobectomy and block 

excision of chest wall 


Postoperative and Late Course On the 21st postoperative day this patient was dis- 
charged from the hospital, after an uneventful convalescence She was entirely symptom- 
free for a period of eight months At this time the patient complained of pain in the 
region of the third dorsal vertebra and one month later a paraplegia developed at this 
level She grew progressively worse and died 1 1 months after the pulmonary resection 
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Autopsy There was no c\idence of metastasis to the hilar lymph nodes There was 
a local extension of the tumor which could not he removed at the time of the operation 
Extensive invasion of the third dorsal vertebra and spinal cord ^\'as evident 

CoMMLN’i This was a palliative lobectomy, w'lth simultaneous block 
resection of the chest w^all When such tumors invade the vertebrae a curative 
resection w ould appear impossible 


A 



B C 

Fig 2 (A and B) Case 2 Routine and overexposed roentgenograms 
snowing a large peripheral squamous cell carcinoma of the lung, with destruc- 
tion of the 2d and 3d ribs Note in (A) the clear zone between the mesial 
border of the tumor and mediastinum 

(C) Routine roentgenogram of chest six years after operation 

Case 2 J B , a 55'ycar-old w'hite male, had a nine months’ history of pain in the 
right chest The pain was severe m character and localized to the right mfraclavicular 
region Three months prior to his hospital admission he developed hemoptysis, and 
consulted a number of phvsicians relative to this complaint During the ensuing three 
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months he lost 20 pounds in weight, and dyspnea became a troublesome symptom The 
past history and family history were not significant 

Physical Examination This examination revealed all the positive findings to be 
limited to the chest Deep inspiration exaggerated the pain in the right chest, which 
corresponded to the distribution of the third intercostal nerve There was an inspiratory 
lag on the right Tenderness over the third rib posteriorly was elicited by percussion 
Dullness was present in the right scapular region and high in the right axilla The breath 
sounds were decreased in these two locations No neurologic signs were present The 
routine laboratory tests were within the range of normal 

Roentgenologic examination revealed a tumor mass in the dome of the right thoracic 
cavity Overexposed films showed partial destruction of the second and third ribs (Fig 
2) A bronchoscopic examination revealed partial fixation of the right upper lobe 
bronchus No intralumenary tumor mass was visible Preoperative pneumothorax demon- 
strated fixation of the lung, tumor mass and chest wall Preoperative Diagnosis Squa- 
mous cell carcinoma of the lung 

Operation — ^January 4, 1941 A right total pneumonectomy and block excision of 
the chest wall were carried out through a posterior approach It was possible to cut 
through healthy tissue of the chest wall posteriorly and anteriorly to the tumor mass 
The block of chest wall consisted of the second, third, fourth, fifth, sixth and seventh ribs 
and their respective intercostal bundles The intercostal vessels were ligated close to the 
transverse processes and in the anterior axillary line 

The postoperative course was uncomplicated, and he was discharged from the hos- 
pital on the 25th postoperative day 

Pathologic Report Grade 4 squamous cell carcinoma of the lung showing invasion 
and partial destruction of the second, third, fourth and fifth ribs The regional nodes 
showed no metastasis 

Late Course During the past six years, this patient has remained entirely well 
There is no evidence of recurrence He has a cough, but a recent bronchoscopic exam- 
ination revealed a marked displacement of the trachea to the right and a smooth, well- 
healed bronchial stump The cough appears mechanical in origin A soft and yielding 
chest wall interferes somewhat with an effective cough 

Comment An extensive squamous cell bronchogenic carcinoma invading 
the second, third, fourth and fifth ribs, has been apparently cured by a right 
pneumonectomy, with simultaneous block excision of the chest wall 

Case 3 — During the early part of December, 1942, F P , a white male, age 41, 
developed pain in the right shoulder and axilla Extraction of two teeth for apical 
abscesses did not relieve the pain Six weeks of daily physical therapy seemed to exag- 
gerate his symptoms One month after the onset of pain, he developed a nonproductive 
cough, and, in March, 1943, the cough was associated with a blood-streaked sputum One 
month prior to his hospital admission, he felt as if he were growing weaker, and he was 
somewhat short of breath He had lost 15 pounds in weight 

Physical Evammation He appeared chronically ill The skin was pale and dry 
The positive physical findings were limited to the chest Tenderness was present over the 
right scapular region Dullness to percussion and suppression of the breath sounds were 
present in this region There were no positive neurologic findings and no evident extratho- 
racic extension of a possible tumor of the lung The routine laboratory work was within 
normal limits Roentgenologic examination showed the apex of the right lung to be 
obscured by a dense opacity measuring 65 cm m diameter The mass lay posteriorly 
and extended into the costovertebral gutter Overexposed films revealed partial destruc- 
tion of the second rib posteriorly (Fig 3) The preoperative diagnosis was squamous cell 
carcinoma of the lung 

Operation — ^May 15, 1943 A posterolateral incision was made, entering the right 

160 



Volume 126 
Number 2 


CARCINOMA OF LUNG 


pleural cavitj through the seventh intercostal space A large tumor mass replaced the 
apical one-half of the right lung and had invaded the second, third, fourth and fifth ribs 
Resection seemed feasible, m that disarticulation of the ribs accompanied by partial resec- 
tion of the transverse processes would encompass the tumor and permit block excision 
through healthy tissue The first, second, third, fourth, fifth, sixth and seventh nbs were 
treated in this manner posteriorly and then divided in the midaxillary line This left 
attached to the tumor mass and right lung the seven ribs and their respective intercostal 
bundles A right pneumonectomj was then earned out He withstood the operative pro- 
cedure satisfactorily, , and at no time was he in aiij particular dangei 



Fig 3 — Case 3 Overexposed roentgenogram revealing a 
peripheral squamous cell carcinoma of the lung, with destruction 
of the 2d rib 


Twenty minutes after completion of the operation, the blood pressure was not 
obtainable in the arms Such a marked change could not be explained on the basis of 
blood volume loss, for adequate blood replacement, 2,500 cc of citrated blood, had been 
given, however, it was soon discovered that his blood pressure was normal in his legs 
and absent m the arms A marked vasospasm following trauma and dissolution of the 
right sympathetic trunk was then considered as a possible etiologic factor Papaverine 
effected an immediate response, and the blood pressure level m the arms returned to 
100/70 This return of a satisfactory blood pressure level was delayed for approximately 
ten minutes, for the apparent disturbing factor was not recognized During the ensuing 
32 hours, this patient temporarily regained consciousness , however, he developed inter- 
mittent generalized convulsions associated with a variable pulse rate and blood pressure 
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The respiratory exchange of the left lung was good The convulsions were controlled by 
25 per cent magnesium sulfate solution intravenously The clinical picture was that oL a 
decerebrated animal The rectal temperature gradually rose to io8°F, and death 
occurred approximately 39 hours postoperatively 

Autopsy The specimen of lung and adherent seven ribs revealed partial destruction 
of the second, third, fourth and fifth ribs by a Grade 4 squamous cell carcinoma of the 
lung The regional nodes removed at operation were free of metastasis 

The findings at postmortem revealed, grossly, no cause of death The left lung 
was normal There was no evidence either grossly or microscopically of residual carci- 
noma Examination of the brain revealed findings compatible with cerebral asphyxia 
Cause of Death Encephalopathy, secondarv to asphyxia 

Com MEN 1 This was an advanced squamous cell carcinoma of the lung 
with erosion of multiple ribs, apparently curable by radical surgery Cerebral 
asphyxia secondary to marked vasospasm involving the arms, neck and head 
seemed the most likely cause of death A good ox)^gen concentration was 
maintained throughout the operative procedure The photo-electric cell re- 
vealed a 90 per cent, or better, oxygenation of the blood The ten-mmute post- 
operative period, characterized by absent blood pressure in the arms with a 
normal blood pressure m the legs, was probably sufficient to produce irrevoc- 
able brain damage 

Case 4 — T H , a 41 -year-old white male, a painter bj occupation, had a history of 
recurrent pain in the right shoulder for a period of two years The pain was exagger- 
ated by damp weather and by persistent use of the right arm Four months prior to his 
admission to the hospital, he developed an entirely different type of pain which was 
sharp, shooting and burning in character This pain would radiate from the right shoulder 
to the midline of the chest Sudden jolting movements of the right shoulder would initiate 
the pain in the right chest, and for two weeks he avoided use of tiie arm He had no cough 
and no shortness of breath 

The" past history revealed that he had a fracture of the left humerus in 1938, at which 
time he had pain in the right shoulder His mother and paternal grandfather died of 
cancer The remaining history did not contribute any findings of importance 

The physical examination was essentially negative throughout He was a fairly 
well-nourished man of small stature The routine laboratory studies were negative 

Roentgenologic examination revealed a circumscribed area of increased densitv m the 
middle one-half of the right apical and subapical region of the lung The total area of 
involvement measured six centimeters in diameter In the lateral view there was a 
circumscribed shadow of slightly increased density m the mediastinal region measuring 
three centimeters m diameter (Fig 4) This produced a wedge-shaped density quite 
characteristic of a lobular atelectasis Bronchoscopic examination was negative and there 
were no secretions arising from the right upper lobe orifice Chmeal Diagnosis Broncho- 
genic carcinoma of the upper lobe of the right lung 

Operation — February 2, 1943 A total pneumonectomy was carried out on the right 
for a carcinoma involving the apex of the right lung and infiltrating the soft tissue of the 
chest wall A frozen-section diagnosis of the soft tissue removed from the third interspace 
confirmed the clinical suspicion of invasion of the chest wall Following removal of the 
right lung, a block resection of the chest wall was carried out removing the second, third, 
fourth, fifth and sixth ribs The intercostal bundles were ligated adjacent to the transverse 
processes posteriorly, and anteriorly the bundles were divided m the anterior axillary line 
The pathologist reported bronchogenic adenocarcinoma of the lung. Grade 3, upper 
lobe bronchus right lung, with soft tissue extension to the chest wall The regional nodes 
were not involved by metastasis 


J 62 




Fig 4 — (A and B) Case 4 Routine PA and lateral roentgenograms of chest 
showing an apical tumor Note the triangular area of atelectasis m the lateral film 
(C) Routine roentgenogram six months after right total pneumonectomy and block 

excision of the chest wall 


Comment This was an advanced adenocarcinoma of the right lung invad- 
ing the soft tissue of the chest wall, unaccompanied by regional lymph node 
involvement There ^^as no associated rib destruction m spite of soft tissue 
imolvement of the chest vail adjacent to the ribs 
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Case 5 — T J was a colored male, age 42, vvho had a history of severe pam in the 
right shoulder and right side of the neck for a period of eight months He had taken 
numerous drugs for the relief of pam without benefit, and two weeks prior to his admis- 
sion to the hospital, the pam began to run down tlie inner aspect of the arm He had 
been placed on morphine for the relief of pain He had a cough for five months and a 
three months’ history of repeated attacks of hemoptysis 

Physical Exauwiatwti The patient was undernourished, dehydrated, and in acute 
pam There was ptosis of the right hd and myosis of the right pupil There was an 
absence of sweating over the right side of the face In the right supraclavicular region 
there was a mass measuring i x 2 cm in diameter This mass was freely movable and 
firm The right arm was held close to the trunk and there was marked limitation of 
movement of the right shoulder Tlie pain radiated primarily down the inner aspect of 
the arm on motion Tenderness was present over the suprascapular region on the right 
corresponding to approximately the first and second ribs posteriorlj Deep inspiratory 
movements exaggerated the pam 111 the right arm There was a slight respiratory lag on 
the right The percussion note was negative The breath sounds were decreased in the 
right scapular region The routine laboratory work was negative 

Roentgenologic examination revealed a tumor, measuring 4 x 6 cm , m the apex of 
the right lung adjacent to the spine Overexposed films revealed destruction of the first 
and second ribs Bronchoscopic examination did not seem to be indicated 

The clinical impression was squamous cell carcinoma of the upper lobe of the right 
lung with bony thorax and cervical sympathetic trunk extension The tumor in the 
right supraclavicular region was removed surgicallj and showed a Ivmph node partiallj 
replaced by metastatic squamous cell carcinoma 

Comment Advanced squamous cell carcinoma of the right lung with 
extension to the ribs and cervical s)unpathetic trunk 

Case 6 — M R , a 64-year-old white male, and a salesman by occupation until the 
onset of severe pain m the right chest in June, 1939 The pain was exaggerated bj 
coughing and by deep inspiratory efforts Deep heat therapy and numerous remedies had 
been used for the relief of the pain The pain was severe in character and radiated from 
the back around to the upper part of the abdomen In February, 1940, he developed 
hemoptysis which persisted until the time of admission to the hospital on May 5, 1940 
He had had a cough which was different from the customary “cigarette cough” for a 
period of six months He had lost 15 pounds in weight and was short of breath on 
moderate exertion 

Physical Eramtnatwn The patient was an elderly white male, with acute pain in 
the right side of the chest He described an area of tenderness and could easily point out 
its location in the midaxillary line The examination was essentially negative with the 
exception of the chest findings There was an area of localized tenderness over the 
sixth and seventh ribs in the midaxillary line, and pressure at this point reproduced the 
referred pam to the anterior abdominal wall There was a respiratory lag on the right 
and the percussion note was altered m the region of the point of tenderness The breath 
sounds were diminished over the lower lobe of the right lung The routine laboratory 
studies were within the range of normal 

Roentgenologic examination revealed a 6 x 8 cm mass involving the lower lobe of 
the right lung and partial destruction of the sixth, seventh and eighth ribs A broncho- 
scopic examination revealed no evidence of an intralumenary tumor 

On May 9, 1940, a biopsy of the chest wall and partially destroyed eighth rib revealed 
squamous cell carcinoma apparently of bronchogenic origin 

This patient was discharged from the hospital two weeks after his admission and 
advised to take morphine for the relief of his pam He lived for a six-month additional 
period during which time he had severe and persistent pain in the right chest 
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Autopsy A squamous cell carcinoma of the lower lobe of the right lung was identi- 
fied Extensive destruction of the sixth, se% enth, eighth and ninth ribs was present , how- 
ever, there was no metastasis to the regional l}'mph nodes A bronchopneumonia involved 
primanlj" the right upper lobe and lower lobe of the left lung 

Comment This extensive squamous cell bionchogenic caicinoma, asso- 
ciated with rib destiiiction, was opeiable and appaiently cm able at the time 
this patient presented himself for tieatment The authoi’s expeiience in man- 
aging this type of patient suggested the likelihood of cm ability m such cases 
by a total pneumonectom^ , w ith simultaneous block resection of the chest wall 



A B 


Fig 5 — (A) Case 7 Re'gular PA roentgenogram of chest showing large peripheral 

squamous cell carcinoma of the lung, left 

(B) Case 7 Postoperative roentgenogram showing block excision of chest wall and total 

pneumonectory, left 

Case 7 — C L , a 53-year-old white male, a farmer by occupation, developed pain 
in the left chest in January, 1946 The pain radiated from the precordial region posteriorly 
to the midportion of the back Pam had been persistent in character and there had been 
frequent exacerbations of severe pain which required narcotics for symptomatic relief 
Soon after the onset of pain in January, he began to have attacks of hemoptysis Dyspnea 
had not been a troublesome symptom, except during the attacks of severe pain 

Past History He had had a chronic cough for 20 years, but there was no change in 
the cough until January, 1946 Six years prior to this hospital admission, he sustained a 
blow to the left chest which rendered him unconscious Pam and soreness followed this 
injury, but he entirely recovered within a period of one month He had pneumonia as a 
child which was complicated by a lung abscess This healed without operative interven- 
tion The family history is irrelevant 

Physical Erammatton The patient was in a good state of nutrition The positive 
findings of the examination were limited essentially to the chest There was a respiratory 
lag on the left Percussion note was dull high in the axillary region and over the left 
scapular region Breath sounds were diminished and vocal and tactile fremitus were 
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increased m these regions Tenderness to palpation was present over the fourth, fifth, 
sixth and seventh ribs m tlie midaxillary line The heart sounds were of good tone and 
quality Blood pressure was 116/78 Kidney function tests revealed normal findings 
Roentgenologic examination revealed a ten-centimeter mass in the lateral one-half of the 
left chest extending from a level of the third rib to a level of the seventh rib in the pos- 
terior axillarv’- line (Fig 5) Overexposed films showed destruction of the fourth, fifth 
and sixth ribs in the posterior axillary line Clinical Diagnosis Squamous cell carcinoma 
of the lung, with invasion of the ribs Bronchoscopic examination was not carried out in 
view of the peripheral location of the tumor 

Opciation — September 5, 1946 A total pneumonectomy on the left was performed, 
removing a block of the chest wall with the specimen The second, third, fourth, fifth, 
sixth, seventh and eighth ribs were remov'ed cn bloc, dividing the ribs and neurovascular 
bundles posteriorly at their junctions with the transverse processes The ribs and inter- 
costal bundles were divided again at the anterior axillary line This wide excision 
included the infiltrating tumor of the chest wall During the operation 2,500 ec of 
citrated blood were given 

Pathologic Repot f Squamous cell carcinoma of the Inng, with osseous invasion of 
the second, third, fourth, fifth, sixth and seventh ribs The regional nodes show'ed no 
evidence of metastasis 

PostoPctafiz'C and Late Couise This patient’s immediate postoperative course was 
complicated by Ins inabilitj' to cough and expel pulmonary secretions Extensive decostal- 
ization of the chest wall was responsible for Ins inability to cough This complication was 
managed by five postoperative bronchoscopic aspirations and repeated intratracheal cath- 
eter suction Ten days postoperativelv, he was able to be up and about, and the pulmonarj 
secretions could be evacuated with ease 

Comment This was an advanced squamous cell carcinoma of the lung, 
with erosion of multiple ribs, apparently cured by radical surgery Postoper- 
ative difficulty in ev^acuating secretions was again encountered in this patient 

SYMPTOMS AND DIAGNOSIS 

Delay in diagnosis of this particular group of patients can be ascribed pai - 
tially to the late manifestation of symptoms in carcinoma of the lung of periph- 
eral origin Pam preceded other symptoms, and it w'as of a severe character 
persistent, and well-localized Pain of months’ duration often failed to direct 
attention to the possibility of a lung tumor In the early stages pain may be 
present, but the roentgenographic appearance may easily be overlooked Other 
than pain, there are few symptoms until late in the course of the disease Ten- 
derness to peicussion and palpation was present in each case and the 11b 01 
ribs inv'^aded could be identified with ease 

Roentgenologic examination constitutes one of the best methods of diag- 
nosis of either a peripheral or centrally-placed caicmoma of the lung These 
cases reveal evidence of a peripheral, sharply ctcumscribed, and dense tumor 
mass In the early stages the tumor mass is small and may be overlooked 
Rib destruction is revealed by overexposing the films, and this examination 
frequently underestimates the extent of bony destruction Intrapleural pneu- 
mothorax adds little additional information Direct biopsy of the invaded rib 
wull establish a tissue diagnosis, but it carries wuth it the danger of soft-tissue 
implantation in apparently operable patients Needle biopsy has the objec- 
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tionable features of seeding cancel along the needle tiack, hemoirhage, and 
mfection Bronchoscopy is not indicated, for the tumors are peripheral in 
location Exploratory thoracotomy is the method of choice m select cases for 
determining the tissue diagnosis and opei ability The pleuial cavity is entered 
a rib and full rib’s mtei space below the lesion In addition to determining 
operability, this site of appioach facilitates the technical proceduie of block 
excision of the chest w'all and lung Involvement of the biachial plexus, sym- 
pathetic trunk, phienic neive and the tiansveise processes of the vertebrae 
contraindicate curative suigical attempts, but a palliative lesection must be 
considei ed m view of the associated sevei e pain If the postero-anterior roent- 
genologic view^ of the chest delineates lung tissue between the mesial border 
of the tumor mass and mediastinum, local opei ability has been established 
Invasion of the seiiatus anterior muscle is not a contiaindication to block 
excision, for such occuned in one patient (Case 2), wdio has survived for a 
period of six years 


TREATMENT AND RESULTS 

The successful treatment of cancer of the lung invading the iibs depends 
upon extirpation of the local lesion and regional tymphatics This embraces 
block excision of the chest w'all leaving a margin of healthy tissue attached to 
the involved structures, total pneumonectomy, and lesection of the regional 
lymph nodes Although ladical excision of the chest wall accompanying pneu- 
monectomy will probably increase the mortality rate in general for cancer of 
the lung, it seems of little impoitance wdien the piognosis of these patients 
subjected to block excision and pneumonectomy is considei ed The pathologic 
behavior of the type of cancer of the lung invading the ribs makes it suitable 
to block excision and a good prognosis wull eventually be established by further 
experience The postoperative management of these patients is more difficult 
in that decostalization of the involved hemithoi ax renders the cough ineffective 
Repeated catheter suction and frequent bi onchoscopic removal of the secretions 
has been necessary in my experience 

Five of the patients herein reported weie subjected to block excision of the 
chest wall and pulmonary resection A total pneumonectomy was carried out 
in foui, and a palliative lobectomy in one There was one opeiative death 
The patient with a palliative lobectomy died ii months postoperatively The 
remaining three patients are living and w'^ell, one for six years, one for two 
years, and one for five months 


SUMMARY 

Invasion of the ribs by primary carcinoma of the lung is not uncommon 
The symptoms and methods of diagnosis have been discussed The cell type 
and favorable pathologic behavior of these tumors makes them amenable to 
radical cancer surgery Successful treatment embraces block resection of the 
chest wall, total pneumonectomy and removal of the regional lymph nodes 
Five of the seven cases herein repoi ted illustrate this method of treatment, 
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THE USE OF A MIXTURE OF PURE AMINO ACIDS IN 
SURGICAL NUTRITION^* 

I CERTAIN PHARMACOLOGIC CONSIDERATIONS 

Sidney C Werner, M D 
Ne-w York, N Y 

FROM THE DEP\RTMENT OF MEDICINE, COLIEGE OF PH\SICIANS AND SURGEONS, 

COLUMBIA UN1VERSIT\, AND THE PRESBATERIAN HOSPITAL, NEW TORK, N Y 

Part I 

Cox,^ Elman,” and others,^’ “ have shown that piotein hydrolysates 
can replace protein for nutiitional pin poses These materials have been 
extensively investigated clinically and certain piactical difficulties in their use 
have become evident,® especially parenterally The rate of intravenous admin- 
istration IS limited and the volumes required are large To administer the 
equivalent of 90 Gm of protein requiies eight or nine hours and a volume of 
2,500 cc This tires the patient, prevents ambulation or may interfere with 
sleep Febrile reactions, nausea and vomiting may occur The material may 
be irritating subcutaneously There is, thus, still a need for protein substitutes 
that can be given parenterally without these limitations 

Recently, Madden” has studied various mixtures of pure ammo acids m 
lespect to their efficiency m regenerating plasma protein m the dog subjected 
to plasmapheresis One of these mixtures, VUJf was found to be useful for 
this purpose and was tried m a patient, a man with chronic ulcerative colitis 
Nitrogen retention was shown b}’’ the patient, and so, presumably, protein for- 
mation It, therefore, seemed desirable to give this material an extended clin- 
ical trial The results of this study are presented in this and the subsequent 
papers 


METHODS AND MATERIALS 

First experiments were conducted with a 10 per cent solution of the ammo 
acid mixture Frequent spontaneous precipitation was noted upon refiigera- 
tion and made this solution unsafe for routine use An 8 per cent concentration 
proved to be quite stable, providing a light, greenish-yellow, clear, bitter-tasting 
solution, which remained apparently unchanged for pei lods up to three months 
This solution was given to most of the patients A 5 per cent dextrose 8 per 

** The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Columbia University 

t 65 Gm of the VUJ mixture has the following composition 


dl-threonine 

7 0 Gm 

dl-tryptophane 

I 2 Gm 

dl-valine 

9 0 Gm 

dl-phenylalanine 

4 5 Cm 

I-leucine 

100 Gm 

dl-methiomne 

4 0 Gm 

dl-isoleucme 

7 0 Gm 

1 -histidine HCf 

2 6 Gm 

1 -lysme HCl 

8 0 Gm 

1 -arginine HCl 

5 2 Gm 



glycine 

65 Gm 


169 



SIDNEY C WERNER 


Annals of Surgery 
August 1947 


cent ammo acid mixture was tried on I2 patients but was not used further 
because of nausea, vomiting oi mild temperature rise in lo of the 12 cases 

One liter of the 8 pei cent ammo acid solution provides about 9 6 Gm of 
nitrogen About 14 per cent of the ammo acids in solution is dextrorotatory 
and may be consideied to be unavailable for protein anabolism There is also 
a loss of I to 5 Gm of ammo acid niti ogen by excretion as such into the urine, 
after the infusion of 1,500 to 3,000 cc 

The solution has a of 5 5 Because of this acidity, 480 cc of ^ molai 
sodium lactate solution w^ere given to provide base wdien large amounts of the 
ammo acids were used parenteially A few trials weie made intravenously of 
the ammo acid solution aftei neutialization, but the material piodticed nausea 
01 pyrexia after small amounts 

The 8 per cent material was employed in a total of 73 cases, some for 
periods up to three weeks and m amounts up to tin ee liters per day The usual 
method of administration w'as by infusion, and a total of about 350 infusions 
w'ere given The material has been given by hypodermoclysis in about 25 
instances Cardiac and lenal function were evaluated before treatment and the 
fluids given through a venous pressure machine, when there was doubt Vary- 
ing rates of infusion of the ammo acid mixture up to one liter per hour w'ere 
tested Blood CO,,® chlorides,® urea nitiogen,^® and hematocrit^^ W'ere followed 
by standard methods when treatment w'as continued for several days The 
infusions generally were the sole source of nitrogen, wuth intravenous or sub- 
cutaneous supplements of 1,500 to 3,000 cc of a 5 pei cent dextrose saline 
solution or occasionally of 480 cc of ^ molar sodium lactate solution In other 
instances, food was given but the ammo acid solution w'as provided to supple- 
ment an inadequate protein intake Ammo acid blood levels w^ere occasionally 
determined after infusion 


RESTTLTS 

Reactions Nausea and vomiting were the only frequent ill effects of 
ammo acid therapy The occurrence of these symptoms appeared to be related 
to the rate and amount of administration Amounts up to a liter per hour w'ere 
given without reaction, but, m general, 400 cc per hour w^as the maximum 
speed consistently tolerated Women may tolerate the material less well, 
though few trials were made in women Data concerning the blood level of 
ammo acid at the time of nausea is incomplete Seventeen patients were studied 
The blood amino N was elevated to between 9 6 and 25 8 mg per cent, i 5 
to 2 5 hours following the start of the infusion One value of 32 5 mg per cent 
was observed In general, nausea was found consistently with levels over 
20 mg per cent (four cases) The blood level w^as restored to normal by 
several hours after infusion so that the division of the desired dosage into 
morning and afternoon infusions frequently avoided symptoms 

Hyperpyrexia and chills occurred in five patients In three of these, the 
same amino acid solutions were readmmistered without recurrence of fever 
Pyrogenic reactions^® to glucose and saline were noted at this time throughout 
the hospital, so that these reactions probably resulted from faulty care of the 
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infusion sets In the othei two cases, the amino acid mixture was adminis- 
tered during the couise of a pieexistent fever and was followed by a chill 
and temperature rise lasting for many days The reaction to the ammo acid 
infusions may have been a coincidental flare-up of the original disorder, rathei 
than a pyrogen response In any event, the incidence of febrile leactions 
IS low 

Thrombophlebitis was not noted as a result of the ammo acid infusions 
except where a Lmdemann needle was left tn situ for seveial days after oper- 
ation This maneuver pioduces venous thiombosis with dextrose or saline 
alone Venous spasm of the smallei veins of the lower aim and hand occuried 
lelatively fiequently vith infusions into these sites, prolonging the infusion 
time consideiably 

Amino acids weie given b}' hypodermoclysis in about 25 instances, 1,000 cc 
per day Cellulitis ^^as noted once, although most of the patients began to 
complain of pain and tenderness during the treatment, especially after several 
clyses had been given 

The carbon dioxide content of the blood was reduced by the administration 
of more than 2,000 cc per day of the ammo acid solution and the fall was not 
prevented by the concurrent administration of 12 Gm of sodium chloride as a 
5 per cent dextrose-saline solution or by the use of 480 cc of molar sodium 
lactate solution The impression was gamed, however, that sodium lactate 
may have lessened the degree of fall One death occurred associated with a 
drastic reduction m blood carbon dioxide content The complete history is 
given below 

Case Report — P N , male, age 47, who underwent a partial gastrectomy and 
lesection of a jejunal ulcer April 17, 1945 

The history was essentially irrelevant except for some weight loss of about 10 or 15 
pounds prior to operation Physical examination was negative Prior to operation a 
glucose tolerance test showed a fasting blood sugar of 142, at 5 hour 170, i hour 206, 
and 2 hours 143, although it was 52 at 3 hours On day i after operation, he received 
1,500 cc 5 per cent glucose and saline, with 2 5 Gm sulfadiazine This was repeated on 
day 2 On day i, a urea nitrogen was 21 mg per cent CO^ 59 S vols per cent Chloride 
570 mg per cent On day i, he received 1,500 cc 8 per cent amino acids On day 2, 

2 000 cc On day 3, 1,500, and day 4, 1,500 On day 3, urea nitrogen was 40, with a 
COj of 20 2 and chlorides 662 This report was not received until after the amino acids 
was given on day 4 On day 5, he developed pulmonary edema, had a urine output of 
190 cc, and a blood CO^ of 16 vols per cent, for which 40 Gm of sodium bicarbonate 
was given During the day his temperature rose to 104 8°F, and he died in 12 hours 
At this time his urea nitrogen had fallen to 23 mg per cent Aside from acidosis and 
pulmonary edema, the cause of death is unknown There was no autopsy 

The admixture of glucose, or the neutralization of the mixture with alkali, appears 
to alter the property and toxicity of the solution For this reason, dextrose-saline is not 
mixed with the amino acid solution, but precedes or follows it, or is given by a 
different route Also, such substances as sulfadiazine, vitamins for parenteral administra- 
tion, or other intravenous medications, are not added to the ammo acid solution but rather 
to the dextrose-saline The amino acid solution, like the hydrolysates, is an ideal medium 
for bacteria, so that any left-over solution must be discarded and not saved for later use, 
and the solution must not be allowed to stand open before use 
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Aside fiom this case, the lowest value for blood CO^ after 3,000 cc infusion 
a day for thiee days was 24 vols per cent, the average value about 40 vols per 
cent Twenty patients weie tiealed for three to five days with daily infusions 
of ammo acid solutions The range of values of lowest recorded blood CO, 
levels was 16 to 57 9 vols per 100 Ml of blood The conesponding range in 
SIX contiols was 53 2 to 73 o vols per 100 Ml 

The values for the highest blood urea nitrogen were 10 to 40 mg per cent 
m the treated patients and 13 to 26 mg per cent in the controls The urea 
nitrogen values are no higher than is found after the ingestion of much protein, 
or with gastro-intestinal bleeding 

The Metabolism of Admimstei ed Aimno Adds — A rise in amino acid 
nitrogen 111 the urine was noted after infusion Between i and 4 Gm of amino 
acid nitrogen per 24 hrs were lost in this form (Table I) The speed of 


Table I 

SHOWING EXTREME VALUES FOR AMINO ACID NITROGEN EXCRETION DURING 
FIRST WEEK AFTER OPERATION, AFTER 3 TO 5 DA\£ TREATMENT \MTH A 
MIXTURE or lURE AMINO ACIDS 



Amount of 

Unne Amino 


Infusion 

Acid Nitrogen 

Patient 

(cc) 

(Gm /24 Hr ) 

J c 

2,000 

2 42 

J D 

2 000 

0 80 

J H 

2 000 

4 16 

W H 

2 000 

3 80 

A K 

1,000 

1 72 

C M 

I 000 

2 63 

J N 

2 000 

3 0 

W R 

1 500-2 000 

0 92 

R S 

2,000 

3 02 

E C 

2 500 

2 60 

H J 

2 500 

2 34 

A Z 

2,500 

1 90 

E J i 

3 000 

3 20 

L J 

3 000 

2 38 

P W 

3,000 

1 18 

Control Cases 

F Y 


0 56 

M OR 


0 57 

A S 


0 52 


infusion had little effect on this value The great bulk of the ammo acid was 
converted into urea as evidenced by a rise of urea nitrogen in the blood and 
the greatly increased urinary nitrogen The rest was utilized to form protein 
as evidenced by nitrogen balance and by the nitrogen sulphur ratio This is 
discussed in a subsequent paper 

DISCUSSION AND CONCLUSIONS 

A mixture of the ten essential ammo acids and glycine has been subjected 
to a clinical trial and can be readily administered About three quarters of the 
nitrogen is 1-rotatory and is physiologically available as may be part of the 
d-rotatory material A rate of administration of 400 cc per hour appears to 
avoid any toxicity, at least m men, except in rare instances when nausea and 
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vomiting appear Lowering of blood caiboii dioxide content and rise in urea 
nitrogen occui v itli more than 2,000 cc of the 8 pei cent solution a day The 
use ill uiea mtiogen is no 11101 e than occurs with similar amounts of beef pro- 
tein Theie is no evidence of leiial damage^® eitliei m the unne or in delayed 
leturii of blood values to 1101 nial with stopping treatment 

An infusion of 1.500 cc of this solution piovides the aveiage daily require- 
ment of 15 Gm of available mtiogen, about 95 Gni of protein equivalent, and 
can be given in about foui houis About 350 caloiies aie furnished, since most 
of the dextiorotatoiy, and piesumably physiologically inactive, isomers are 
also burned Caloiic supplements must be given along with the ammo acids, 
as food or as dextrose-saline solution Fifteen hundred cubic centimeters of 
5 per cent dextrose-saline solution provide 75 Gm of sugar or 300 calories 
Thus, 1,500 cc of ammo acid solution must be supplemented by a minimum of 
3,000 cc of 5 per cent dextrose-saline solution or dextrose m water, to give the 
patient a total of 950 calories, not counting the i to 4 Gm of ammo acid nitro- 
gen which are excreted unchanged in the unne and so are lost for combustion 
purposes — about 80 calories 

It IS feasible to give as much as 1,500 cc of the amino acid solution twice 
daily to provide 28 8 Gm of nitrogen , the amount of supplementary 5 per cent 
dextrose-saline is reduced to 1,500 cc so as not to overload the circulation 
Thus, a total of approximately 1,000 caloiies and the equivalent of about 180 
Gm of protein is given in 4,500 cc The only appaient danger with the larger 
doses IS the progiessive fall m blood carbon dioxide content after several days 
of therapy and the rise 111 blood urea nitrogen Emaciated patients who cannot 
afford to lose from their fat stores can only be treated for short periods by 
this technic to build up their body protein stoies, unless some calories are 
taken by mouth Hov ever, the still relatively well-nourished hypoproteinemic 
patient can build up protein in this way, at the expense of fat, for long 
periods, if the ammo acids are used to supplement an inadequate food intake 

Again, mention should be made of the importance of the evaluation of 
cardiac reserve prior to therapy and of observation of the patient with limited 
reserve during infusion by means of vital capacity and venous pressure It 
might be mentioned that at a rate of 400 cc per hour even patients known to 
be on the border of failure have tolerated large amounts of ammo acid without 
difficulty In these patients the glucose supplement is given by clysis so that 
It will not be readily absorbed should signs of cardiac failure supervene It 
should also be mentioned that ammo acids should not be used when there is 
any indication of renal damage, m view of the acidosis and the rapidity of urea 
nitrogen accumulation m the blood which results even with normal kidney func- 
tion The one death m this senes, however, cannot be explained by renal failure 
Acidosis may have been responsible for the fatal outcome Evidence of hyper- 
sensitivity was not noted although it is improbable that such reactions would 
occur u ith pure ammo acids Thus, the cause of death is obscure but may be 
related to the deaths reported wuth casein hydrolysates 

The above discussion has been chiefl)'^ limited to parenteral therapy The 
aiailabihty of a compound which can replace or supplement dietary protein 
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intake by vein does not altei the fact that food is the best appi oach to adequate 
nutrition and should be given whenevei possible The piotein in food is more 
efficiently utilized over long periods and provides at least some minerals and 
vitamins, as well as higher calories Howevei, if necessary, the amino acids 
provide an ideal supplement for an inadequate food intake and are most simply 
and efficiently used in this way 

As yet the use of the VUJ mixture of amino acids is limited by the high 
cost A nontoxic hydrolysate of approximately the same composition n ould be 
equally suitable for nutritional purposes However, if no such product becomes 
available, it is possible that an increased demand for this mateiial mil enable 
production costs to be reduced considerabl}'^ 

SUAIMARl 

1 A mixture of puie ammo acids in 8 per cent solution has been given an 
extensive clinical trial, parenteially 

2 Few toxic effects have been noted with the 8 per cent solution The 
incidence of nausea and vomiting, i eduction in blood carbon dioxide content 
and urea nitrogen, and the excretion of unchanged amino acids is recorded 

3 The case report of one death of obscure origin, possibly from acidosis, is 
presented 

4 The available nitiogen and calories that can be given as pure ammo 
acids IS discussed and the use as a sole source of nitrogen or as a supplement to 
food IS discussed 
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Part II 

EFFECTS UPON NITPOGEN BALANCE 

It is well-established that one of the results of injury to the body is 
the appearance of negative nitrogen balance on the same nitrogen intake which 
previously maintained equilibrium It is disputed as to whether an increase 
in the nitrogen intake will reestablish equilibrium or whether new mechanisms 
make this impossible Investigation of this problem is hindered by the pool 
appetite of the patients so that high nitrogen intakes are generally difficult to 
achieve Recently, a mixture of pure amino acids® has become available and 
It has been possible to give reasonably laige amounts of nitrogen parenterally 
With somewhat less difficulty than w ith protein hydrolysates The results of 
this experience are presented here as is a concept of the mechanism respon- 
sible for the negative nitrogen balance after injuiy, suggested by these data 

METHODS 

A metabolism ward set-up was established on one of the surgical flooi s of 
the Presbyterian Hospital Special nursing and orderly care, a dietitian and 
diet kitchen for the pioject were provided Urine, stools, gastric diamage and 
vomitus were collected in 24-hour amounts and analyzed daily for nitrogen ^ 
Urines weie preserved with chloroform in the ice chest, the other specimens 
under concentrated sulphuric acid Urine creatine, creatinine and total neutral 
i 7 'ketosteroid determinations were done early in the study but were abandoned 

Dr D F Robertson, of Merck and Co , generously supplied the solution of pure 
ammo acids (VUJ) which made this study possible 
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after it was established that coi relation with the effects of operation was not 
significant Urine total sulphate'’ and amino acid nitrogen excretion^® were 
followed daily in most cases Ammo acid intake was determined by weighing 
the containers before and after administration Food nitrogen intake was esti- 
mated by standard tables, with occasional check nitrogen determinations on 
samples of the diet A casein hydrolysatef was used m some instances as a 
supplementary source of nitrogen and sugar Most patients received a single 
transfusion of 500 cc of blood after operation This protein does not appear 
in the urine for a number of days^^ after transfusion, so the nitrogen involved 
was not entered into the balance calculations Because of the transfusion and 
fluids given during operation, amino acid infusions were not begun until the 
day after operation, to avoid overloading the circulation In the early work, 
ammo acids were given throughout the day for each of the first three days 
This was changed later to a program in which up to 1,500 cc of the 8 per cent 
ammo acid solution w^ere given both morning and evening by infusion, supple- 
mented by a clysis of 1,500 cc of 5 per cent dextrose in saline, in the morning 
The patients received water by mouth for the first two to three days after 
operation A standard postoperative gastric feeding regimen was then started 
Food intake was increased as rapidl}^ as tolerated As the calories increased 
by mouth, the dextrose in saline w'as omitted As the protein intake became 
greater, the amount of the ammo acid infusion was reduced Thus, most 
patients received ammo acids m decreasing quantities for about six days after 
operation Determinations of venous pressure and vital capacity^' were made 
when there was doubt as to cardiac function Blood urea nitiogen, carbon 
dioxide content, chlorides, hematocrit, red blood cell count, and plasma proteins 
were determined by standard methods,^® the blood chemistry estimations 
being done two or three times a week postoperatively 

RESULTS 

Healthy Subjects A preliminary short-term experiment was conducted to 
confirm the adequacy of the VUJ mixture of puie amino acids as a substitute 
for protein m the diet Tw'O young healthy men, woiking as orderlies in the 
hospital, were placed on a weighed diet with 90 Gm of protein per day and 
3,000 calories When nitrogen equilibrium was established for a week, 1,000 
cc of 8 per cent ammo acid solution by infusion w^ere substituted for 60 of the 
90 Gm of protein m the diet Some food piotein w^as given m order not to 
alter the ratio of protein, fat and carbohydiate on which nitrogen equilibrium 
had been produced The substitution of ammo acid for the food protein pro- 
duced no significant change m nitrogen balance during the two days of its 
use or in the next few^ days 

Pieopeiative Patients The mixture of pure ammo acids w^as given to 15 
patients before operation In six of the patients, the ammo acid solution was 

t Dr Warren Cox and Mr A Hill, of the Mead Johnson Co, kindly supplied the 
casein hydrolysate (Amigen) for oral and parenteral use 
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Table II 

SHOWING PREOPERATIVE NITROGEN BALANCE IVITH A MIXTURE OF PURE AMINO ACID 
AS A SUPPLEMENT TO FOOD OR CASEIN HYDROLYSATE 





Casein 

Amino 

Total 

Total N 



Day 

Food 

Hydrolysate 

Acid 

Nitrogen 

Excretion 

Nitrogen 


Before 

Nitrogen 

Nitrogen 

Nitrogen 

Intake 

Unne and Stool 

Balance 

Patient 

Oper 

(Gm ) 

(Gm) 

(Gm) 

(Gm ) 

(Gm ) 

(Gm ) 

J B 

9 

13 1 



13 1 

14 4 

- 1 3 


8 

15 8 



15 8 

13 7 

+ 2 1 


7 

15 8 



15 8 

14 6 

+ 1 2 


6 

16 6 



16 6 

10 7 

+ 59 


5 

18 0 



18 0 

12 9 

+ 5 1 


4 

17 0 


9 5 

26 5 

19 4 

+ 7 1 


3 

16 9 


9 6 

26 5 

18 5 

+ 80 


2 

18 6 


9 6 

28 2 

13 4 

+ 14 8 


1 

10 4 



10 4 

19 8 

- 9 4 


G 

McG 

4 

1 1 



26 

9 

28 

0 

24 

1 

+ 2 

8 



3 

0 9 



28 

9 

29 

8 

26 

8 

+ 3 

0 



2 

0 4 



28 

8 

29 

2 

28 

7 

+ 0 

5 



1 

0 3 



12 

3 

12 

6 

14 

0 

- 1 

4 

S 

K 

6 




18 

5 

18 

5 

9 

2 

+ 9 

3 



5 


18 

0 

19 

0 

37 

0 

16 

9 

+20 

1 



4 


18 

0 

19 

0 

37 

0 

16 

8 

+20 

2 



3 


17 

4 

17 

6 

35 

0 

18 

2 

+ 16 

8 



2 


18 

0 

14 

7 

32 

7 

13 

5 

+ 18 

2 



1 




9 

8 

9 

8 

12 

9 

- 3 

1 



0 




12 

2 

12 

2 

IS 

9 

- 3 

7 

M 

F 

7 

0 2 

13 

0 

9 

7 

22 

9 

22 

3 

-h 0 

6 



6 

1 3 





1 

3 

11 

8 

-10 

5 



5 

7 4 

10 

2 

9 

1 

26 

7 

14 

6 

+ 12 

1 



4 

4 1 

13 

0 

9 

5 

26 

6 

21 

3 

+ 5 

3 



3 

6 1 





6 

1 

10 

4 

- 4 

3 



2 

10 6 





10 

6 

6 

8 

+ 3 

8 



1 

11 1 





11 

1 

5 

8 

4* 5 

3 

R 

G 

14 


19 

8 



19 

8 

22 

0 

- 2 

2 



13 


19 

4 



19 

4 

22 

0 

- 2 

6 



12 




14 

0 

14 

0 

15 

8 

- 1 

8 



11 




14 

1 

14 

1 

26 

3 

-12 

2 



10 




13 

6 

13 

6 

13 

6 

0 

0 



9 




9 

7 

9 

7 

20 

6 

-10 

0 



8 


13 

2 



13 

2 

16 

2 

- 3 

0 



7 


13 

2 



13 

2 

12 

0 

+ 1 

2 



6 






0 

0 

10 

2 

-10 

2 



5 


20 

0 



20 

0 

9 

6 

+ 10 

4 



4 


22 

2 



22 

2 

14 

5 

+ 7 

7 



3 

7 3 





7 

3 

10 

8 

- 3 

5 



2 

29 4 





29 

4 

9 

9 

+ 19 

5 



1 

30 5 





30 

5 

IS 

5 

+15 

0 



0 




14 

0 

14 

0 

12 

8 

+ 1 

2 

R 

S 

7 

0 1 

19 

2 



19 

3 

10 

2 

+ 9 

1 



6 

0 8 



13 

9 

14 

7 

3 

3 

+ 11 

4 



5 


6 

6 

14 

3 

20 

9 

17 

9 

+ 3 

0 



4 


12 

8 



12 

8 

26 

9 

-14 

1 



3 


12 

8 



12 

8 

14 

9 

- 2 

1 



2 




13 

8 

13 

8 

19 

6 

- 5 

8 



1 




13 

4 

13 

4 

16 

9 

- 3 

5 

- 


0 




9 

5 

9 

5 

20 

2 

-10 

7 
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given in addition to nitrogen taken in the diet oi taken in a casein hydrolysate 
material (Table II) Nitrogen was retained when tlie nitrogen intake was 
high, whether the amino acids were given alone or as a supplement However, 
smaller intakes of about lo to 14 Gm nitrogen, sufficient to maintain equilib- 
rium when given as food, were not adequate when administered as pure ammo 
acids, or as casein hydiolysate without food Also, negative balance occuired 
and peisisted for seveial days aftei changing fiom high to low nitrogen intakes 
This IS seen with changes in food nitiogen intake and is not peculiar to the 
parenterally given materials 

The small supplies of material in the early phase of the study limited 
efforts to study the adequacy of amino acid adimmstiation and glucose as the 
sole source of nutrition preopeiativel}', although this was accomplished post- 
operativel}'^ jMoie data are being accumulated 

Postopciafive Patients A total of 29 patients were given the mixture of 
pure ammo acids as the onl}' source of nitrogen for the first three to five days 
aftei opeiation Caloiies were supplemented b}' glucose-saline solution 
Twenty-one of the patients underwent partial gastieLtom}^ for peptic ulcer, 
vhile the othei jiatients had a variet}' of operative procedures An additional 
SIX gastiectomy patients were followed as controls, m that they w^ere treated 
exactly' the same as the other gastric cases but were given no ammo acids 
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■ N OUTPUT 
□ N INTAKE 


A NITROGEN BALANCE AI'TER PARTIAL GASTRECTOMT 

The least amount of nitrogen lost by anj' of the six control patients sub- 
jected to paitial gastrectomy and given no amino acids postoperatively, was 
25 Gm of mti ogen, in the first five days after the procedui e Seventeen of the 
21 patients undergoing the same procedure (Table III, Charts 5 and 6) but 
treated with ammo acids, lost var3nng amounts less than this (Table III, 

Charts 1-3) Three of these 17 patients 
remained in nitrogen balance for this pe- 
riod and six showed actual positive bal- 
ance Theie was considerable wastage of 
amino acid material, as showm by a high 
uiinary nitrogen excretion Some of the 
w^astage inaj'’ have been the lesult of the 
low calories supplied, so that part of the 
ammo acids w^ere diverted for fuel 

One peculiarity in the transition fiom 
ammo acid to food intake w^as noted m 
three patients When amino acid admin- 
istration was stopped before an equivalent 
intake was achieved in the diet, the ex- 
cretion of urinary nitrogen continued at 
a high level (Chart 4) This produced a 
consequent sharp negative balance w'hich 
was sufficient, in a day or two, to exceed the total negative balance of the 
controls for the entire first five days after operation This was prevented 
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Chart i — Showing the production 
of nitrogen equilibrium after partial 
gastrectomy, by The use of a mixture 
of pure amino acids 
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Table III 

SHOWING POSTOPERATU^ «JITR0GEN BALANCE riGURES, 
AFTER PARTIAL GASTRECTOMY 


Amino Acid Treated 


N Balance Gin 


First 5 Days 

Adequate 

Inadequate 

Controls 

> 

+10 

4 

11= 

0 

0 

+10 

1 

0 

0 

-1 

-10 

5 

2 

0 

-11 

-20 

3 

1 

0 

-21 

-30 

2 

1 

4 

-31 

-40 

1 

0 

1 

-41 

-50 

0 

0 

I 

(* Renal damage ) 





1 educing the ammo acid m-put only as food intake ^\as mci eased to the 
same degree 

( 1 ) Effect of Weight Loss Upon Niti oqcn — Inanition and debility abolish 
the tendency toward negative nitrogen balance which usually occtiis aftei 
injur}'- The weight loss of the patients was thus examined to determine if 
this ^^as a factor m the retention of nitrogen Seven treated cases with little or 
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Chart 2 


Chart 3 


Chart 2 — Showing marked nitrogen sparing after partial gastrectom}^ b}’- the use of 

a mixture of pure amino acids 

Chart 3 — Showing the failure to spare nitrogen after partial gastrectomy with the use of 

a mixture of pure ammo acids 


no nitrogen loss aftei operation and four treated cases with maximum nitrogen 
loss shoned a difference (Table IV) in preceding weight loss Two in each 
group had lost no n eight but four had lost 25 to 30 pounds in the group 
1 etaming niti ogen, whereas, the greatest weight loss in the group not retaining 
mtiogen was 10-19 in two cases Thus, although weight loss was not a 
reliable index of debility or of the ease wuth wdnch nitrogen balance W'as going 
to he established, there was a tendency in the gastric cases to retain nitrogen 
more leadil} if the piexious weight loss was marked 

( 2 ) Effect of Level of Ammo Acid Admmisfiafwn — The data have been 
examined to deteimine if the lex el of nitrogen intake is important in the pro- 
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duction of nitrogen balance A consideration of the amount of nitrogen 
administered to that retained indicates a relationship Low nitrogen intakes of 
o 1 1 to o 30 Gm N /Kg body weight, were generally associated with negative 
balance and higher intakes with nitrogen sparing, if not balance There is 
considerable variability Unlike the situation before operation, no critical level 
of nitrogen intake was established beyond wdiich nitrogen balance was uni- 
formly produced, but no greater intake than 050 Gm N /Kg body weight 
was achieved 

Table IV 


SHOWING RELATION OF W FIGHT LOSS BEFORE OPERATION TO NITROGEN BALANCE AFTER OPERATION 
PARTIAL GASTRECTOMT TREATED WITH A MIXTURE OF PURE AMINO ACIDS 


Preopcr 



Nitrogen Balance 



>» cI^llL i^UsS 

% Average 

> -h 10 

+10 to 0 

-1 to -10 

-11 to -20 

-21 to -30 

-31 to -40 

Body W^eight 

(Gm N) 

(Gm N) 

(Gm N) 

(Gm N) 

(Gm N) 

(Gm N) 

0 

1 

0 

1 

1 

2 


1-10 

1 

0 

3 

2 

1 

1 

11-20 

3 

1 

2 

1 

0 

0 

21-30 

0 

0 

1 

0 

0 

0 


i\ case; t J 
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Chart 4 
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Chart 5 


Chart 4 — Showing the continued 
outpouring of nitrogen after the sud- 
den cessation of a high nitrogen in- 
take, and the nitrogen sparing effect 
of resumption of high nitrogen ad- 
ministration 

Charts 5 and 6 — Showing nitro- 
gen loss after partial gastrectomy on 
the usual postoperative regimen with- 
out ammo acid administration 
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(3) Total Sulphate E A' a e Hon —The total sulphate excretion in the uiine 
was determined to see whether retained nitrogen was used for protein syn- 
thesis Sulphate excretion tended to parallel nitrogen output (Chart 7) The 
sulphur-nitrogen ratio averaged about i 15 Thus, the variations in nitrogen 
balance probably involved tissue protein sources 

B NITROGEN BALANCE IN CASES OTHER THAN GASTRECTOMY 


Eight operative patients, other 
than the gastrectomy cases, were 
given as high nitrogen regimens, as 
possible by parenteral route, imme- 
dately after operation and the effect 
of nitrogen balance observed This 
group had, in general, been healthy 
prior to operation and had lost no 
weight, except the two pancreatico- 
duodenectomy patients All received 
the VUJ mixture of pure amino acids 
until the food intake provided about 
1 5 Gm of nitrogen per day A casein 
hydrolysate was occasionally used to 
supplement the ammo acid mixture 
when the supply of the latter had run 
out In addition, two fracture pa- 
tients were studied, a man and a 
woman 111 good health prior to the 
accident The fractures were severe. 
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Chart 7 — Showing the parahel excre- 
tion of total nitrogen and total sulphur be- 
fore and after partial gastrectomy and 
ammo acid administration 


Table V 

SHOMINC EFEECT OF TREATMENT M ITH A MIXTURE OF PURE AMINO ADDS UPON NITROGEN BALANCE 
after miscellaneous operations upon PREMOUSLY HEALTH! PATIENTS 

Treated Cases Untreated Cases 


Days 

Total 

Total 

Daily 

Daily 

of 

Intake 

Output 

Balance 

Balance 


Diagnosis 

Patient 

Rx 

(Gm N) 

(Gm N) 

(Gm N) 

Days 

(Gm N ) 

Source 

Acute appendicitis with 

D C 

5 

120 7 

120 8 

-0 0 

4 

-33 

Grossman 

appendicectomy 

LJ 

3 

64 9 

69 5 

-1 5 

7 

-36 

et al ■" 


J c 

3 

76 0 

95 7 

-6 6 

3 

-10 3 



C M 

4 

95 6 

107 4 

-3 9 

7 

- 3 3 


Hernia repair 

C Q 

4 

71 4 

75 2 

-0 9 

5 

- 0 2 

Grossman 


\ E 

4 

89 0 

80 1 

+2 1 

6 

-33 

el al "i 

PmcrcTto- 

L C 

5 

94 7 

123 4 

-5 7 

10 

-24 

Brunschwig 

duodcnectomy 

A K 

5 


108 4 

-3 6 

10 

- 6 1 

el al v 

Perforated ulcer 

E McK 

5 

85 9 

I3I 4 

-9 1 

10 

-13 6 

Brunschwig 









cl al 

Practurc 

B xMcN 

22 

835 5 

788 4 

+2 1 

39 

- 4 9 

Howard 


e( ai^ 
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one of the lower thud of the femur with much soft-pait damage, treated by a 
plaster encasement after closed reduction, and the otliei botli bones of the leg 
with open reduction The man was placed on a diet of 6o cc of a 30 per cent 
solution of casein hydrolysate and 100 to 120 cc of high protein milk every 
houi for eight to 12 hours, and the woman on a fixed diet with 90 Gm protein 
and 2,500 calories supplemented with casein hydrolysate 

Nitrogen loss was decreased in half of the operative patients of this group, 
as compared to control figures in the literatuie for nitrogen loss after corre- 
sponding pioceduies (Table V) A discussion of the failures follows latei 
in the paper The fracture patients were maintained in nitrogen equilibrium 
after the trauma (Table VI), as opposed to the experience of Cuthbertson and 


T\ulu VI 


TAIIIL SllOWJSr the MAINTI VASCI OI VJTROGEN BAl\NCJ IN \ JJiMIOUSL^ HIALTHV MAN AETEK FRACTURr 
01 THE LOWER H MUR WITH CONSIllIRVBLE SOFT PARI DUIACF (TREATMI NT WITH PLASTFR I NCASCHENT) 
TIIL LAHLN FAILURI OF PL \SV \ PROTEIN \ND IILM\TOCRIT TO BL M \ISTAINED IS ILLUSTRATED 


Case 

B McN 

Male 

Age 66 









N 

Intake (Gm ) 


N Output (Gm ) 







Casein 






Nitrogen 

Plasma 

llema 

Daj Post 


Hjdro 






Balance 

Protein 

tocrit 

Injury 

Food 

1} s Uo 

Toni 

Unne 

Stool 

Vomitus 

Total 

(Gm) 

(Gm %) 

(%) 

3 

8 5 

14 7 

23 2 

32 5 



32 5 

- 9 3 



4 

12 5 

21 9 

34 4 

27 4 

0 4 

0 3 

28 1 

+ 70 

6 4 

36 9 

5 

14 S 

23 1 

37 6 

34 3 

0 4 


34 7 

+ 29 



6 

14 9 

23 2 

38 1 

21 5 

1 7 


23 2 

+14 9 

S 5 

29 8 

7 

14 S 

21 2 

35 7 

26 8 

2 1 


28 9 

+ 69 



8 

20 2 

23 3 

43 5 

41 9 

2 1 


46 1 

- 0 5 



9 

18 8 

23 2 

42 0 

36 0 

0 9 


36 9 

+ 5 1 

6 3 

33 0 

10 

23 8 

26 9 

50 7 

41 3 

0 9 


42 2 

+ 85 

6 5 

34 8 

11 

23 9 

28 7 

52 6 

40 7 

1 7 


42 4 

+ 10 2 

7 0 

38 0 

12 

23 9 

29 2 

S3 1 

49 8 

1 7 


51 s 

+ 1 6 

6 9 

37 0 

13 

22 0 

29 5 

51 5 

49 0 

5 4 


54 4 

- 2 9 

6 8 

35 5 

14 

23 8 

28 6 

52 4 

46 6 

1 8 


48 4 

+ 40 

6 5 

35 8 

15 

23 9 

29 3 

50 2 

45 9 

I 8 


47 7 

+ 25 



16 

20 2 

23 2 

43 4 

47 4 

1 7 

0 1 

49 2 

- 5 8 

6 8 

37 2 

17 

19 7 

23 4 

43 1 

39 9 

3 7 

0 8 

44 4 

- I 3 

6 1 

38 1 

18 

19 5 

23 4 

42 9 

43 1 

2 8 


45 9 

-30 

7 5 

42 3 

19 

IS 8 

11 2 

27 0 

24 5 

1 9 


26 4 

+ 06 

6 9 

42 2 

20 

18 5 

11 9 

30 4 

30 2 

1 9 


32 1 

- 1 7 

7 3 

43 7 

21 

15 9 


15 9 

21 5 

1 8 


23 3 

- 7 4 

7 4 

43 7 

22 

18 0 


18 0 

16 3 

1 9 


18 2 

- 0 2 



23 

18 3 


18 3 

14 8 

I 8 


16 6 

+ 1 7 



24 

15 7 


15 7 

15 4 

1 8 


17 2 

- 1 5 




of Howard A disci epancy was noted between nitrogen balance, plasma protein 
and red cell count in that the latter values fell during the first two weeks after 
the fracture despite the maintenance of nitrogen balance 


DISCUSSION AND CONCLUSIONS 

The healthy adult remains in nitrogen equilibrium except for minor daily 
fluctuations Slight changes in nitrogen intake result in a corresponding reten- 
tion or loss of nitrogen from tissue reserves This implies a balance between 
nitrogen synthesis and breakdown provided the minimal glucose and caloric 
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A 


B 


INCOMING 

NITROGEN 


INCOMING 

nitrogen 




AMINO ACID , 

RESERVOIR 1 

TISSUE 

PROTEIN 





TISSUE 

PROTEIN 

AMINO ACID 
RESERVOIR 



* 



EXCRETED 

NITROGEN 


EXCRETED 

NITROGEN 



BALANCED ANABOLISM 
AND CATABOLISM 


NO EXCESS CATABOLISM 


Chart 8 


c 


D 




1 INCOMING 
NITROGEN 


amino acid 

RESERVOIR 



( EXCRETED 
NITROGEN 


R 

I| 

j{ INCOMING 
'! NITROGEN 





mi 

TISSUE 

AMINO ACID 



PROTEIN 

RESERVOIR 

■ 

PROTEIN 


( EXCRETED 
NITROGEN 


I INCOMING 
NITROGEN 


AMINO ACID TISSUE 

RESERVOIR < PROTEIN 


EXCRETED 

NITROGEN 


ANABOLISM CATABOLISM 


ANABOLISM CATABOLISM 


INJURY 

HIGH NITROGEN INTAKE 
INCREASED ANABOLISM 
AND CATABOLISM 
(lIHrilT or REACTION 
lUrNDS 0\ SF\ER1T\ 01 
INJUR-i) 


t 


ANABOLISM CATABOLISM 


INJURY 

ZERO NITROGEN INTAKE 
AFTER 

HIGH NITROGEN INTAKE 
NO ANTI-ANABOLISM 


Chart 9 



INJURY 

COEBtHTATED PATlENTi 
HIGH NITROGEN INTAKE 
INCREASED ANABOLISM 


Charts S and 9 — Presenting a schematic 1 cpresentation of the changes in nitrogen balance 
i\hich occur after injur\ (Form of diagram suggested b-v Albright "U 
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requirements have been met (Chart 8a) Incidentally, this equilibrium point 
IS somewhat highei m the men in this series, 15 Gm of nitrogen intake 
per day (95 Gm protein) than the commonly accepted one of 10 Gm (60 
Gm protein) 

After injury, there is an acute change and a negative balance occurs when 
the nitrogen intake is maintained at previous levels This loss of nitrogen has 
been called the toxic destruction of protein and has been discussed since before 
1894® Cuthbertson^^’ revived the concept that injury was followed by a 
phase of catabolism, since he could not restore his patients to nitrogen balance 
even with moderate increases in nitiogen intake He has been supported in 
this view by Howard, and others However, a catabolic response implies 
that stopping nitrogen intake from the time of injury would, if anything, 
increase the loss of nitrogen from the body The data of the present study 
show that this is not the case (Chart 8b) No excesses of nitrogen appear in 
the urine when nitrogen is withheld postoperatively and, in fact, the nitrogen 
excretion may be less than that of an uninjured patient on the same intake 
Also, high carbohydiate regimens spare nitrogen^ which is unlikely if the 
nitrogen loss is the result of a true toxic destruction of tissues Thus, there is 
no increased rate of catabolism or tissue destruction m the absence of nitrogen 
intake, and the “catabolic phase” of injury is not an accurate desciiption 

A diffeient theory to explain the inability to spare nitrogen has been 
advanced, namely, that incoming nitrogen is routed through the liver after 
trauma and is wasted before it can be used for anabolism by the tissues Thus, 
the loss of nitrogen is “antianabohc” rather than “catabolic However, the 
data of the present study indicate that incoming nitrogen is not entirely wasted, 
so that a high nitrogen intake lessens or reverses negative nitrogen balance after 
trauma (Chart 9c) This is evident when the nitrogen lost by the treated 
patients is compared with that of the untreated controls in the gastrectomy 
group, or with the figures m the literature for loss after the other procedures 
and especially fracture CoTui, et al Brunschwig, et al Levenson, et al 
and others, have presented data similar to those of the present study Thus, it 
IS clear that the mechanisms for nitrogen retention or anabolism remain oper- 
ative after injury so that an “antianabohc” explanation of events is dubious 
Further evidence against a solely antianabohc effect is seen when a high 
nitrogen intake after opeiation is suddenly stopped Nitrogen continues to be 
poured into the urine and must come from the tissues (Chart pd) 

Thus, the behavioi of the nitrogen balance after injury is not satisfactorily 
explained by either the catabolic or antianabohc theories The simple assump- 
tion that there is an increase in the rate of both anabolism and catabolism, 
rather than a change in either, appears to solve the discrepancies It explains 
the fact that an increased nitrogen intake can reestablish nitrogen equilibrium 
and that more or less than this amount results in varying degrees of positive 
01 negative nitrogen balance as in the healthy subject It also explains the 
continued outpouring of nitrogen from the tissues when the high nitrogen 
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intake is suddenly stopped The fact that this evidence of increased catabolism 
IS not present if nitrogen has not been given after the trauma, indicates one 
necessary condition in addition to the injury, foi the response to be elicited, 
namely, the presence of incoming nitrogen Anothei condition is that there 
have not been recent preceding mjuiies oi body wasting from inanition 
Madden-® has suggested that reserve protein stores^^ are necessary for the 
reaction to trauma to occur It is also possible that the mechanisms for 
catabolism, under these conditions, become too inactive to be easily activated by 
a new insult, so that nitrogen sparing continues to predominate (Chart ge) 
A third factor is the severity of the injuiy, in that the more severe the insult, 
the more nitrogen is needed to restore equilibrium, e g , fractures versus paitial 
gastrectomy 

In this connection, the use of gastric patients to study postoperative 
nitrogen balance lends itself to the just criticism of Peters®® that such patients 
may be debilitated and may not be able to respond with a vigorous trend 
towards negative balance Such a tendency is shown by the gastric cases of 
this senes However, three gastric cases put into nitrogen equilibrium had lost 
insignificant amounts of weight, and so were piesumably otherwise healthy as 
were the fracture cases and the miscellaneous cases which were spared nitrogen 
Also, the variations in amounts of nitrogen retained in the gastric cases aftei 
a given intake of nitrogen suggests that the usual reaction to trauma is oper- 
ative It is, therefore, felt that the nitrogen sparing from therapy is not 
entirely the result of debilitation and that the results are m line with those of 
Brunschwig, and the other workers, previously mentioned 

The significance of the fact that some patients were not restored to nitrogen 
balance, or spared nitrogen, deserves discussion It is possible that these cases 
lepresent instances of a pure catabolic or antianabolic response to trauma It is 
equally possible that insufficient nitrogen was given W ith the pure ammo acid 
mixture, the volume of fluid required and tendency to acidosis makes it prac- 
tically impossible to administer more than 28 Gm of nitrogen a day Thus, the 
nitrogen needs after a particularly vigorous reaction to trauma, such as with 
the two fracture cases, could not be met by parenteral feeding, and a negative 
nitrogen balance would occur It is generally agreed that the intensity of the 
reaction to injury depends on the seventy of the injurj'’ and the reactivity of 
the patient Thus, it is felt that the cases vith negative nitrogen balance, 
despite ammo acid administration, represent a particularly vigorous response to 
injury wherein the nitrogen needs exceeded the amount of nitrogen adminis- 
tered This IS the reason for the failure of most investigators to overcome the 
tendency to negative nitrogen balance — ^not enougli nitrogen u as given 

It should be mentioned that the attainment of nitrogen balance does not 
mean that individual protein functions may not still be disturbed Although the 
parallel retention of sulphur and nitrogen suggests that protein is being formed 
uhen nitrogen loss is dinimished, as shown b\ the fracture patient, plasma pro- 
tein and hematocrit inaj fall notwithstanding this Thus, some tissues appar- 
ent!}, build protein while others do not, and such a derangement ma\ not be 
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leflected by the over-all nitiogen balance The change is possibly too gieat to 
he explained by the factoi of hemodilution 

Finally, it is of interest to determine A\hether the effects of nitrogen admin- 
istration upon nitrogen balance are reflected on the clinical course of the 
patients This is discussed in the next paper (Part III) of this series 

SUMMAin 

1 A study has been made of the effect of a mixtuie of pure ammo acids 
on nitrogen balance as a supplement to food bi a casein hydrolysate preoper- 
atively, and as the sole source of nitrogen for the first 3-5 days postoper- 
atively 

2 Nitrogen was spared m vai3nng amounts in the majoiity of 21 gastric 
cases undei going partial gastrectomy as compared to the nitrogen loss of 
SIX untreated controls Eight othei patients with miscellaneous conditions 
were studied and nitiogen spaimg was pioduced m four 

3 Two previously healthy patients with severe fractures of the femur were 
maintained m nitrogen balance m ith a casein Itydi oly sate and high pi otem milk 
by mouth 

4 The natuie of the reaction to injury is discussed and a simple hypothesis 
presented 

The author is indebted to Drs Sidney C Madden and George H Wipple for 
advice and encouragement Mrs Janet Peterson and Alice Chaplin were the technical 
assistants 
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CLINICAL UEbULTS 

In the preceding papers^* “ the suitability for clinical use of a mixture 
of pure ammo acids has been established* and its effect upon postoperative 
nitrogen balance has been discussed - Moreover, it has been postulated that 
the natuie of the reaction of the bod}^ to injuiy, as far as nitrogen balance 
IS concerned, is not solely upon anabolism, j e , antianabolism, or catabolism, 
but repiesents an increased stimulus to both, so that mtiogen equilibiium 
can be attained only at an increased level of nitrogen exchange The present 
paper presents the clinical results from the high nitrogen intakes provided 
aftei operation by the use of the mixture of pure ammo acids Controlled 
observations of this sort are needed, since opinions vary considerably as to 
the value of high protein regimens after injury,®’^ and since few adequate 
reports of this nature are available ^ 

A type of surgical patient i\as selected for the present study, whose be- 
havior after operation has been closely followed for many years, namely, 
ulcer patients subjected to partial gastiectomy* All of these were treated 
m a similar manner pre- and postoperatively, except that the pure ammo 
acid mixture was given to half the patients The procedures and methods are 
outlined in the preceding paper The observations were carried out over the 
past one and one-half years 


RESULTS 

Twenty cases of peptic ulcer and one case of lymphoma of the stomach, 
without visible mestastasis, were submitted to partial gastric resection and 
given the pure ammo acid mixture during the immediate postoperative period 
All were males During this same period 29 cases of ulcer were similarly 
operated upon on the same division (L-floor) but were not given ammo acid 
therapy Nineteen of these were males Age distribution, race, weight loss 
before operation, and the incidence of early ambulation were similar in the 
treated and control groups These figures are presented m Tables VII, VIII, 
IX and X The charts of 26 additional cases of partial gastrectomy for ulcei 
operated upon on another surgical division (K-floor) and m the Private 
Pavilion during the period of this study, are tabulated, for interest, as con- 
trols They received no ammo acids postoperatively but their treatment ^^as 
not as uniform as in the control cases on the same surgical service as the 
ammo acid-treated cases 

The choice of objective criteria by which to evaluate the results of ammo 
acid therapy is greatly limited The day on which the patient leaves the hos- 
pital,® the day after operation on which the temperature returns to normal, 
and the ability to progress with a postoperative diet provide data which can 
be compared with that of the controls and may be reasonably related to nitro- 
gen intake Also, a phenomenon of stasis and poorly functioning gastro- 


* Dr F B St John kindly granted permission to study the cases on his Service 
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Tab) l \ II 


SHOWING AGl INCIBINCL 


* 



Amino Acid- 



Pri\ ate 

Age 

Treated 

L-Controls 

K-Controls 

Controls 

< 31 

1 

1 

2 

0 

31 to 40 

3 

9 

5 

3 

41 to SO 

12* 

11 

3 

7 

51 to 60 

3 

5 

S 


> 60 

One case of K mphoma 

2 

1 

1 



Table VIII 


Sn\ INCIDENCr IN RELATION TO DAI OF DISCHARGE FROM THF HOSPITAL AFTER PARTIAL GASTRECTOMl 


t>a% Home 
Postoperatne 

Ammo Acid- 

L-Controls 

K-Controls 

Private Controls 

treated — 
Male 

Male 

Female 

Male 

Female 

Male 

Female 

21 or before 

19 

17 

4 

8 

4 

6 

2 

22 or after 

0 

5 

1 

2 

1 

2 

0 

Died 

2 

0 

1 

1 

0 

0 

0 

Total 

21 

22 

6 

11 

S 

8 

2 


Table IX 


\EAR OF OPERATION IN RELATION TO DAI OF DISCHARGE FROM HOSPITAL 
AFTER PARTIAL GASTRECTOML 



Amino Acid-treated 

L-Controls 

K-Controls 

Pri\ ate Controls 

Day Home 

July-Dee 

Jan -Sept 

July-Dee 

Jan -Sept 

July-Dee 

Jan -Sept 

July -Dec 

Jan -Se 

Postoperatu e 

1944 

1945 

1944 

1945 

1944 

1945 

1944 

1945 

2 1 or before 

5 

14 

7 

14 

5 

7 

4 

4 

22 or after 

0 

0 

3 

3 

2 

1 

0 

2 

Died 

1 

1 

0 

1 

1 

0 

0 

0 

Total 

6 

15 

10 

18 

8 

8 

4 

6 


enterostomy m postoperative gastrectomy cases occurring a week after the 
procedure may be observed since this complication may be nutritional m 
origin ^ Clinical impressions of strength and well-being are apt to lead to 
erroneous conclusions and only a statement about these is warranted, as a rule 
Day of Discharge Table XI indicates the day of discharge after operation 
and indicates that ii of the 54 control patients not receiving ammo acids 
remained in the hospital 21 days or more The complications causing this 
delay are listed in Table XII Most of these may reasonably be related to 
inadequate nitrogen nutrition None of the 19 surviving cases treated with 
the ammo acid mixture were kept beyond the 21st day In the untreated 
senes, there were t\NO deaths One was directly attributable to complica- 
tions from operation, which may have stemmed from poor nutrition The 
other died of gas gangrene of the abdominal wall one day after operation, 
and, so, death was probably not precipitated by any nutritional factor In the 
treated senes, there were also two deaths One resulted from peritonitis 
from an undiagnosed volvulus of the intestine, after four days of apparent!) 
good progress The other was also not attributable to protein depletion but 
may have died as the direct result of the amino acid administration This 
case is discussed in detail in the first paper of this senes 
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Table X 

NUMBER OF CASES ALLOWED EARLY AMBULATION IN RELATION TO DAT OF DISCHARGI 1K()\1 HOSBITtI 

AFTER PARTIAL GASTRECTOMY 


Ammo Acid treated L-ControU K-Controls Prnate Controlb 

Day Home 


Postoperative 

Amb 

Not Amb 

Amb 

Not Amb 

Amb 

Not Amb 

Amb 

Not Amb 

21 or before 

IS 

4 

13 

8 

9 

3* 

6 

2 

22 or after 

0 

0 

4 

2 

2 

It 

2 

0 

Died 

1 

1 

0 

1 

0 

1 

0 

0 


— 

— 

— 

— 









Total 

16 

s 

17 

11 

11 

5 

8 

2 

* One allowed up on day 6 

t Allowed up on day 6 








Table XI 





DAY or 

DISCHARGE AFTFR PARTIAL GASTRECTOMY 




Amino Acid treated 




Day Home 





Private 

PostoperatiT e 

Adequate Rx 

Inadequate Rx 

L-Conlrols 

K Controls 

Controls 

14 or before 

8 

3 

8 

4 

2 

17 to 15 

2 

1 

8 

6 

6 

21 to 18 

5 


5 

2 


25 to 22 



2 

1 


30 to 26 



1 

2 

1 

40 to 31 



3 


1 

Died 

1* 

It 

1 

I 


Total 

16 

S 

28 

16 

10 

* Volvulus 

t Acidosis? 






Table XII 

TABLE SHOWING POSTOPERATIVE COMPLICATIONS IN PATIENTS NOT TREATED WITH AMINO ACID MIXTURE 
LEAVING HOSPITAL 21 DATS OR MORE, AFTER PARTIAL GASTRECTOMY 


Wt Loss 
before Oper 


Name 

Floor 

Age 

(6 mos Day 

Or less) Home 

Postoperative Complications 

I K 

L 

49 

0 

Died 

Subphremc abscess day 4, with drainage Hemorrhage day 18 
Jejunostomy day 25 to try to feed and raise plasma protein level 
of 4 46% Died day 25 

J W 

K 

72 

30 

Died 

Gas gangrene abdominal wall and died day 1 

T M 

L 

39 

10 

51 

Distention marked to day 7 Perforated duodenal stump day 15 

with exploratory operation Inability to void and cystitis through- 
out 

A M 

L 

60 

33 

38 

Pneumonia day 3 Parotitis day 7 Edema stoma and poor empty 
mg (x ray) day 25 Wound ooze until discharge 

M S 

P P 

45 

10 

34 

Pulmonary infarct day 7 Vomiting and gastric residue day 21 

JD 

L 

46 

0 

30 

Repair perforated ulcer 37 days before partial gastrectomy Resec 
tion of ulcer 10 days before partial gastrectomy Pneumonitis day 3 
and continued fever to day 14 after partial gastrectomy 

NS 

P 

so 

0 

27 

Soft distention to day 5 Vomiting with x-ray evidence of poorly 
emptj mg stoma day 12 

AL 

L 

37 

0 

27 

Pneumonitis day 4 Pulmonary infarct day 9 Renal pain left 
day 19 

H S 

K 

56 

0 

26 

Continued fever to day 15, with tender mass in RUQ spontaneously 
subsiding Cystic necrosis of omentum 

M M 

K 

48 

0 

25 

Continued fever to day 18 and pancreatic fistula day 6 on 

LMcD 

L 

43 

0 

24 

Gastric retention with x ray evidence of edema of stoma and poor 
emptying day 1 1 

J W 

L 

48 

0 

23 

Jaundice day 5 Cephalm flocculation negative Alkaline phos 
phatase 7 9 B U plasma protein 5 3% 

WC 

L 

39 

10 

22 

Plasma protein 4 9% Gastric residue and vomiting to day 18 
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Tablf XIII 


SUMMAU\ TABLP SHOWING THE DAY OF DISCHARGE FROM HOSI UAL 
AFTER PARTIAL G\STRECTOM\ 


Day Home 
Postoper 

Anuno Acid- 
treated 
Cases 

L-Controls 

K-Controls 

Private 

Controls 

Day 2 1 or before 

19 

21 

12 

8 

Day 22 or after 

0 

6 

3 

2 

Died 

2* 

1 

1 

0 

% > 2 1 days 

0 

19 2 

20 0 

20 0 


* Volvulus and acidosis 

Return of Temperatia e to Normal The temperature after partial gastrec- 
tomy generally returns to normal by the 4th or 5th day after the procedure 
In SIX of the 29 untreated cases, the fever did not subside until the nth to 
30th day None of the amino acid-treated patients maintained a rise m tem- 
perature beyond the nth day This data is tabulated m Table XIV 


Table XIV 


POSTOPERATIVE DAT WHEN TEMPERATURE RETURNED TO NORMAL 
AFTER PARTIAL GASTRECTOMY 


Postoperative 

Day 


Ammo Acid- 

treated L-Controls K-Controls 


Private 

Controls 


1 1 
2 2 

3 11 1 

4 5 6 

5 1 7 

8 to 6 0 4 

n to 9 2 2 

20 to 12 0 4 

> 20 

Died 2 1 


3 

1 

1 

3 

0 

3 

1 


S 

1 


Table XV 


POSTOPERATIVE DAT AT WHICH PATIENT COULD EAT 
A BLAND DIET AFTER PARTIAL GASTRECTOMY 


Postoper 

Amino Acid- 



Private 

Day 

treated 

L-Controls 

K-Controls 

Controls 

10 or < 

4 

2 

5 

3 

IS to 11 

15 

18 

7 

5 

20 to 16 

2 

2 

2 


25 to 21 


3 



Died 

2 

1 

1 



Abdominal Distention and Postoperative Edema of the Gastro-enterostomy 
Stoma The incidence of these complications m the controls was definite, 
though perhaps too low to make comparisons significant There were five 
cases of distention and five cases of late vomiting with gastric residue, m 
this group Three of the latter five had roentgenograms to confirm the slow 
emptying and edema of the stoma None of the treated cases showed these 
symptoms 
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Ability to Piogicss with a Postopciative Diet Appetite and ability to eat 
a bland diet may have been impioved by the amino acid tbeiap}^ (Table XV) 
No instance of postoperative anoiexia was noted in the tieated senes and 
all cases weie able to add to then diet piogicssively An ambulatoi}^ iilcei 
regimen, with ioo-{- Gm piotem, was eaten, without objection, by day 12 
after operation The controls appeal to have added foods to the diet almost 
as well as the treated cases, but the amount of food consumed was occasionally 
less than that provided by the diet Figures relevant to intake are available 
in only 16 control cases, but show that five of the 16 were unable to keep up 
with their diet It was noted that both the tieated patients and the untreated 
controls with good appetite can progress much faster in respect to caloric and 
protein intake than the usual postoperative regimens permit 

Well-being and Stiength The impression was gained that the treated 
patients ^\ere stronger than some of the controls, at the time of discharge 
This point was not tested objectively" 

DISCUSSION AND CONCLUSIONS 

There aie three possible objections to forming final conclusions from the 
present study about the benefits to be derived from ammo acid therapy after 
operation First, the senes is small Howevei, the cases are unusually uni- 
form in respect to proceduie, treatment, preceding weight loss, age, and the 
use of early ambulation ® Thus, minor differences may have more signifi- 
cance than in a larger but less homogeneous group Also, the series is biggei 
than most of those from which conclusions have hitherto been drawn 
Second, only one-fifth of the control cases appear not to do as well as the 
treated ones However, most of these patients are not severely protein de- 
pleted before operation so that, again, a slight change in recoveiy rate may 
be more significant than a similar small percentage in a more debilitated 
group Third, the criteria used may not necessaiily reflect protein depletion 
and repletion The fact that both group*; were identical except for the use 
of amino acids suggests that if there is any real difference m the behavior of 
the two groups, it must be the result of this one variable 

Despite the difficulties of evaluation, a positive influence of the treatment 
with the pure ammo acid mixture is suggested by the data Eleven of the 
controls stayed m the hospital considerably longer than anj^ of the treated 
cases, and failed to restore their temperature to normal as quickly or to eat as 
well Furthermore, five of these developed objective difficulties at the gastro- 
enterostomy stoma, with gastric retention and roentgenographic changes, m 
the 2nd week after operation, whereas, none of the ammo acid-treated cases 
showed this Thus, a trial of this material in a larger number of patients 
appears warranted, to see if these results can be confirmed Only uniformly 
treated and controlled groups of cases should be used, however, if useful data 
is to be obtained Otherwise, the results cannot be interpreted In any 
event, the results are not sufficiently distinct from those of the controls to 
indicate that routine unconsidered piotem hydiolysate or ammo acid therapj 
is necessarily of benefit 
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Obviously, not all suigical patients will need a high nitrogen intake The 
healthy individual has more than enough protein reserve to handle any acute 
injury But where the drain on rotein stores threatens to be protracted, as 
after fracture, or has been severe as with burns, repeated trauma or infection, 
such therapy seems indicated to conserve nitrogen and to avoid the complica- 
tions of protein depletion,^^"’^'* if possible 

The question then arises as to whether the best procedure is to force nitro- 
gen intake before or after operation, or at both times Positive nitrogen 
balance is produced readily before injury, but with diihculty afterwards, so that 
there is no doubt that the preoperative period should be used to full advan- 
tage However definite amounts of nitrogen can be spared to the body after 
injury in many patients Thus, if body nitrogen stores have been depleted 
by weight loss, gastric retention, anorexia, hemoirhage, secondaiy operation 
or infections^” before or after operation or injury, a high nitrogen regimen is 
indicated after the procedure, as well as before 

If such a regimen is desired either before or aftei opeiation, the ability 
to eat and retain food becomes important A practicable jDarenteral regimen 
has been outlined^ which meets body nitrogen requirements by the use of 
mixture of pure amino acids and glucose-saline solution, when the patient can- 
not take nourishment by mouth Nausea, acidosis, low calories and the laige 
volumes of fluid required are the difficulties encountered, although sodium 
lactate molar) solution and a rate of administi ation of 400 cc per hour 
of the 8 per cent ammo acid solution generally prevent the first two of these 
complications The wastage of nitrogen by this method is high, so that 20-28 
Gm of nitrogen may be needed to insure nitrogen sparing for most patients 
But nitrogen is spared, especially in the debilitated patient in whom signifi- 
cant nitrogen loss is undesirable 

However, when some food can be eaten, the amino acids find their most 
efficient use, namely, to supplement an inadequate intake to achieve a normal 
or high nitrogen level The equivalent of 60 Gm of piotem can be given in 
a liter of fluid, in a 2 5-hour period, and most of this nitrogen is retained - 
Incidentally, the infusions produce anorexia for seveial hours, so that the 
end of the day, after the patient has eaten, is chosen for the infusion, which 
is brief enough not to interfere with sleep 

Mention must be made of the work on high carbohydrate and high caloric 
intakes in spaiing nitrogen after injury These regimens require very large 
intakes of food If this can be achieved, with moderate nitrogen intake, 
there is no reason why this method should not be used If the patient cannot 
eat the required amounts, the high nitrogen regimens discussed above are 
simpler and more practicable and will spare protein when needed 

SUMALIRY 

I A clinical study has been made of the effect of postoperative treatment 
with a mixture of puie ammo acids on the lecovety from partial ^astiectomy 

The author is greatly indebted to Dr 411cn O WhippJe' for his 
interest in the entire project 
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of 21 ulcer patients, as compared to 32 similar cases handled in the same 
way but not given the amino acid mixture 

2 A fifth of the controls appear to do less well than the ammo acid-treated 
cases However, the results m the two groups are similar enough to raise 
the suspicion that routine, unconsidered postoperative therapy with hydro- 
lysates or amino acids may be in large part unnecessary 

3 The criteria of clinical benefit used are evaluated as are the indications 
for high nitrogen intakes before and after operation 
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THE CLINICAL BEHAVIOR OF ARTERIOSCLEROTIC ANEURYSM 
OF THE ABDOMINAL AORTA A RATIONAL SURGICAL THERAPY 

Arthur H. Blakemore, M D 
New York, N Y 

FROM THE DEPARTMENT OF SURGERT, COEUMBIA-PRCSBYTERrAN MEDICAL CENTER NEW TORK CITY, N T 

In a group of 32 cases of aneurysm of the abdominal aoi ta admitted to the 
Presbyterian Hospital in recent years, arteriosclerosis was the cause of the 
aneurysm in 26 These aneurysms were fully developed, fusiform in shape and 
arose from the abdominal aorta three or more centimeters distal to the origin of 
the renal arteries Syphilis was the etiologic agent in six of the 32 cases, these 
aneurysms being saccular and causing vertebral bone erosion in four instances 
In this latter group the aneurysm arose distal to the renal arteries m only one 
of the SIX cases There were only two females in the entire group of 32 cases, 
both having arteriosclerotic aneur3fsm, and the average age of those with 
arteriosclerotic aneurysm was 60 years while it was 42 years for the syphilitic 
group 

One gams the impression from the literature that there is a high incidence 
of vertebral erosion in aneurysm of the abdominal aorta but such was not the 
case m the arteriosclerotic group of our series Of the 26 cases of arterio- 
sclerotic aneur)'sm, vertebral erosion was noted in only one instance, and in 
this case, erosion was due to aneurysmal involvement of the right common iliac 
aitery Aside from the fact that the arteriosclerotic aneurysm is usually fusi- 
form, It seems likely there may be another factor accounting m part for the 
rai ity of bone erosion, namely, elongation of the abdominal aorta Considerable 
elongation of the vessel seems an invariable precursor to the formation of the 
arteriosclerotic aneurysm of the abdominal aorta In fact, a study of many 
specimens reveals, a few centimeters below the renal arteries, a sudden change 
in direction of the aorta, (usually forward, but often to the left or right), and 
immediately distal to this angulation the fusiform aneurysm begins It is 
common at operation to note an angulation of the aorta sometimes as much as 
90 degrees immediately proximal to the origin of the arteriosclerotic aneurysm, 
the lattei scarcely touching the vertebrae What may be the added effect upon 
angulation by flexion of the thoi acolumbar spine is a matter of conjecture , and, 
of equal importance, the hemodynamic water hammer effect of strain upon 
the lower abdominal aorta consequent to angulation of the sclerotic iliac arteries 
by flexion of the thighs as 111 the sitting position We speak of angulation of 
the arteriosclerotic artery in the sense of its walls buckling rather than bending 
with a gentle curve, as would a normal artery 

We know from experimenting with arteriosclerotic popliteal arteries that 
flexion angulation causes a water hammer effect of increased strain upon the 
popliteal artery lying immediately proximal, unsupported in the upper popliteal 
space In our opinion, this is an impoitant factor in the development of 

Read "before the New York Surgical Societj, November 27, 1946 ~~ 
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artenoscleiotic popliteal aneurysms and it seems likely that a similar mech- 
anism may play a part in the development of the arteriosclerotic aneurysm of 
the lower abdominal aorta As possibly having some bearing on the above 
discussion, It IS of interest that, as far as our hospital service is concerned, the 
popliteal artery and the lower abdominal aorta are the common arteries affected 
by artenoscleiotic aneurysm By this we mean w^ell-developed aneurysms — 
not counting, of course, dissecting aneurysms of the sclerotic thoracic aorta 
As may be expected, the difference in pathology between the syphilitic and 
arteriosclerotic aneurysm of the abdominal aorta, as pertains to vertebral 
erosion, affects the incidence and severity of pain Thus, the four syphilitic 
cases wath vertebral erosion had for months received opiates for the control of 
severe radicular pain Complete relief of pain following wiring and electro- 
thermic coagulation of the aneurysm could only mean that the aneurysm 
became smaller in size following operation, thus, relieving pressure upon the 
spinal nerves Unfortunately one of the four cases having a subluxation of the 
vertebiae died of infection following a bone graft proceduie done some months 
after the wnring operation The remaining three cases are alive, active and 
pain free now', eleven, seven and four 3'ears, respectively, following operation 
One gams the impression from the literature that the high incidence of 
vertebral erosion w'lth resultant radicular (nerve pressure) pain is so constant 
in aneurysm of the abdominal aorta as to constitute a diagnostic sign Our 
attention is called to the fact that vertebral erosion w as present in only five of 
the 32 cases herein reviewed and in only one of the 26 cases in w'hich the 
aneurj'sm w'as due to arteriosclerosis This suggests, that in the past medical 
literature of the symptomatology of aneurysm of the abdominal aorta has been 
built up largely from syphilitic cases — cases w'hich give a long draw'ii out 
history of severe pain due to nerve pressure from bone erosion 

Pam IS the most important symptom that makes people seek medical relief 
Due to the absence of bone erosion as an eaily cause of pain m the arterio- 
sclerotic aneurysm of the abdominal aorta, the unfortunate victim of this disease 
often goes to the brink of disaster before seeking medical aid A recent case 
illustrating this may be outlined as follows A local physician called, stating 
that five days previously he had seen, for the first time, a 64-year-old man w'ho 
gave a history of having, from tune to time, for several months, a slight pain 
m the low back, including the sacro-iliac regions The pain was exaggerated by 
bending forward or by exertion Suddenly the pain became intense, radiating 
to the posterior aspect of the legs Three days after onset the pain had extended 
up the back, over the abdomen, into the groins and down the anteiior aspect of 
the thighs On the fourth day of onset the patient began to vomit When I saw' 
the man, two days later (on the 6th day of his illness) he w'as under the 
influence of sedatives, pulse 84, B P 120/60 He appeared anemic but not in 
shock The skin was warm and dr}' The abdomen w'as not soft but neither 
W'as it distended w'lth gas A laige, pulsating mass was present m the region 
of the abdominal aorta The scrotal and perineal tissues were ecchymotic An 
hematocrit made at this time w'as 23 8 
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This man undoubtedly had had a laige artenosclei otic aneuiysm of the 
abdominal aorta for months before having what he considered sufficient symp- 
toms to warrant seeing a doctor His first real nerve pressuie pain compaiable 
to the radicular pain of early bone erosion in the syphilitic case was actually 
caused by rupture of the aneurysm resulting m a spreading retroperitoneal 
hematoma 

Essentiall}'-, the story of pain from the beginning i upture of the aneui } sm 
as the presenting symptom of consequence was elicited m 1 1 of the 26 cases of 
arteriosclerotic aneurysm Some of the cases came under medical care with 
the history of less violent and more varied initial symptoms Loss of weight is 
a common complaint in arteriosclerotic, as is the case with syphilitic aneurysm 
of the abdominal aorta Eleven of the 26 cases of arteriosclerotic aneurysm had 
sustained weight losses varying from 15 to 35 pounds 

In five of the 26 cases of arteriosclerotic aneurysm a pulsating mass in the 
abdomen first directed attention to a diagnosis 

A sudden episode of severe, cramp-hke abdominal pain, followed by col- 
lapse, was the apparent symptom of onset in a 51-year-old physician in whom, 
four months later, a well-developed fusiform artenosclei otic aneurysm was 
palpable 

Severe hungei pains, combined with anoi exia, punctuated the symptoms in 
another case — a man of 55 j m which the aneurysm had been obseived to grow 
to the size of a large giapefruit over a thiee and one-half-month period 

Oui oldest case, a man of 72, had attacks lasting several days, which 
simulated ileus or duodenal obstruction One of these attacks complicated oui 
second-stage wiring operation The old gentleman recovered, following Miller- 
Abbott intubation, however, and lived some two years, finally dying of a 
cerebral accident Considering the great amount of forward displacement of 
the third portion of the duodenum, often seen m cases of laige aneurysms, one 
marvels at the relative infrequency of symptoms of duodenal obstruction 
Postoperative edema does add to this hazard, however, and in one other case 
we considered it a contributory cause of death Again, contiary to what one 
would expect, m the 1 elation of the transverse colon to a large aneurysm of the 
abdominal aorta, we have been surprised at the laiity of bad constipation 

We may close the discussion on the symptomatology of artenosclei otic 
aneurysm of the abdominal aorta with a word of warning about pain Analysis 
of the 26 cases of arteriosclerotic aneurysm affoids convincing evidence that 
the appearance of deep-seated abdominal pain, low back pain and pain radiating 
to the hips or legs is a warning of impending disaster Furthermore, my 
experience has been that the mortality of well-developed artenosclei otic 
aneurysm of the abdominal aoita is quite as great as that of syphilitic aneurysm 

THE SURGICAL TRE VTMEXT OF ANEURYSM OF THE ABDOMIN VL AORTA 
The ideal surgical therapy for degenerative arterial aneurysm entails cure 
of the aneuiysm vith maintenance of the aiteiial blood flow through the vessel 
affected Wheieas the above ideal has been successfully accomplished m 
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so-called peripheral aneurysm, in aneurysm of the aoita, where it has been 
considered essential to preserve arterial blood flow, we have been forced to 
rely upon blood clotting within the aneurysmal sac as our main bulwark 
against the continued growth of the lesion 

In the year 1935, with the valued aid of Professor Barry G King, of the 
Department of Physiology of the College of Physicians and Surgeons, a series 
of investigations in the hemodynamics of aneurysm was begun In the first 
place, when the yellow elastic tissue of the aorta wall is destroyed and the 
media gives way, the budding aneurysm is subjected to a strain which increases 
pan passu with its growth Blood, circulating under pressure, creates a strain 
on the sac wall of an aneurysm varying with the square root of its surface area 
and, to a lesser extent, with the rate of blood flow Doubling the diameter of 
the aneurysm, for example, increases the strain on the sac 100 per cent The 
stretched sac is further devitalized due to failure of blood supply to the sac 
wall to keep pace with the expanding sac Thus, there is a vicious circle in a 
growing aneurysm of ijicreased strain upon a sac wall of diminishing strength 

On the other hand, clotting of an aneurysm does offer the advantage of the 
physical laws governing solids To illustiate when the fluid blood of a sacculai 
aneurysm becomes a solid, the total stiain upon the aneurysmal sac wall is 
reduced from the aggregate pressure exerted on the total surface area of the 
sac wall to that of the pressure exerted on the surface area of the mouth of the 
aneurysm only The true magnitude of this reduction in strain is only fully 
appreciated when one stops to consider that the surface area of the mouth of 
the saccular aneuiysm is usually but a small fraction of the total surface area 
of the sac wall It is not surprising, then, in accordance with the above men- 
tioned physical laws, that authentic instances of nature’s cure of saccular 
arterial aneurysm have accumulated m the literature of pathology for over 100 
years — cases in which clotting of the aneurysm had resulted in complete inacti- 
vation of the lesion — the patients having subsequently died of some other cause 
It IS but reasonable to assume that removing the strain upon the sac wall, 
caused by the expanding pulsations of fluid blood, by converting the blood to a 
solid blood clot affords the strengthening piocesses within the sac wall an 
opportunity to become effective 

Our studies revealed that the initiation and propagation of mass clotting 
within aneurysms is dependent largely upon two important factors namel}'’, 
(i) the presence of adequate stimulus to blood clotting, and (2) the rate of 
blood flow through the aneurysm We have obtained rate of blood flow meas- 
urements in approximately 150 aneurysms It is of extreme importance to 
note the great variations m the rate of blood flow For example, in two saccular 
aneurysms of equal size the rate of blood flow through the aneurysm may vary 
as much as 300 per cent The larger the mouth of a saccular aneurysm the 
higher the rate of blood flow through the aneuiysm In cases of so-called 
“cup-shaped” saccular aneurysms in which the diametei of the mouth of the 
sac is equal to, or exceeds, the diameter of the sac, the rate of blood flow 
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through the aneurysm is extremely rapid — approximating that of fusiform 
aneurysms 

One may correlate the relation of the rate of blood flow to spontaneous 
clotting within aneurysms by simply reviewing pathologic specimens It is 
rare, indeed, to find any appreciable deposit of blood clot within fusiform or 
wide-mouth saccular aneurysms 

Thus, we see that nature’s cure of aneurysm has been relegated usually to 
the occasional case of small-mouth saccular aneurysm in which conditions 
favor complete “brimful” clotting of the aneurysm 

The first attempts to induce clotting within aneurysm by the introduction 
of wire date back to Moore, in 1864 Fifteen years later, Corradi suggested the 
use of an insulated needle through which to pass silver wire into the aneurysm 
The protruding end of bare wire was then connected to the positive pole of a 
battery, the negative electrode was applied to the skin in the neighborhood and 
a galvanic current passed The resulting ionization pioduct deposited at the 
surface of the wire was depended upon to encourage the initiation of blood 
clotting within the aneurysm Subsequently, Colt advocated the introduction of 
multiple wisps of wire into aneurysms to act as a nidus for the initiation of 
blood clotting A thorough review of published cases employing these wiring 
methods revealed a great uncertainty in the results with an occasional brilliant 
success Now that we know of the great variation m the rate of blood flow in 
aneurysms and the relation of rate of blood flow to blood clotting, we can 
readily understand their results 

We now have conclusive experimental and clinical evidence that a method 
of wiring aneurysms to be efficient m the induction of mass (brimful) clotting 
must fulfill the following requirements (i) it must afford an adequate and 
efficient clot-stimulatmg surface to the passing blood , and (2) it must furnish 
a means of measuring blood flow m the individual aneurysm as a guide to the 
amount of i\ire it is necessary to introduce to impede the blood to a rate of flow 
at which, in the presence of an adequate clot-stimulating surface, complete mass 
clotting of the aneurysm will take place 

METHOD 

The electrothermic method of coagulating aneurysms embraces the use of 
fine (34-gauge B & S ), insulated, com silver wire sterilized by autoclave 
The wire is introduced into the aneurysm in ten-meter segments through a 
special needle (Fig i) Five meters of wire are wound on each of two alum- 
inum spools and bent into a loop m the middle for passage through the needle. 
This permits the two ends of the segment of wire to protrude from the needle 
for the purpose of establishing electrical contact 

A source of approximately 100 volts of direct current is used for the 
heating apparatus (Fig 2) The current is so legulated (Fig 3) and cali- 
brated against changes in the electrical resistance of the vire upon heating as 
to shov an accurate measurement of the temperature of the wire on a ratiome- 
ter at all tunes and of the rate of blood flow through the aneurysm upon 
initial heating Each ten-meter segment of v ire is finally heated to 80° C for 
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Fig I — Armamentarium for Coagulating Aneurysm 

(A) Enameled wire on spool, (B) electrode cap, adapted to (G) , (C) hand reel 
for winding wire on spools, (D) a trocar-pointed stylet adapted to (F) for traversing 
firm tissues and piercing the sac of the aneurysm , (E) tapered blunt stylet adapted to (F) 
for traversing tissue of lung, (F) 14-gauge, 6 5 in needle made of stainless steel, with 
the end beveled from without in, (G) inner sheath for needle (F) which locks m place 
and has the end beveled from within out, fitting exactly with needle (F) to furnish a 
rounded nonabrasive end, (H) wire-passer adapted to (G), and (I) a blunt stylet 
adapted to (G) 
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a ten-second pei lod This i esults in the deposit of a tenacious, clot-stimnlating, 
piotein coagnlum upon the wiie 

On the basis of the numhei of amperes of cuuent lequiied to heat tlie fiist 
ten-metei segment of wiie introduced into the aneuiysm it is possible to detei- 
mine the following (i) the variety of aneuiysm (based upon late of blood 
flow) , and (2) approximately the numbei of segments of wiie it will be nec- 
essary to inti oduce into the aiieui ysm to impede the blood flow to the point of 
occurrence of mass clotting, namely, the requirement of three amperes to laise 
the temperature of a final segment of wire to 80° C 

To avoid the occurrence of “hot spots” upon heating and to promote a more 
even distribution of protein coagulum upon the wire throughout the segment it 
IS desirable to attain an even distribution of the wire within the aneurysm This 
IS gieatly facilitated by mounting the two spools upon a geared reel which, 



Fig 2 — Photograph of alternating to direct current converter and heating control panel 


when turned by an assistant during the introduction of the wire, rotates the 
spools in opposite directions This, in turn, twists the two wires m opposite 
directions, forcing them apart upon gaming the inside of the aneurysm The 
wire has sufficient expansile thrust when combined with the torque imparted 
to the wire by tbe geared reel, to serve to distribute it evenly through the 
aneurysm 


TECHNIC 

Rigid asepsis directed against air-borne as u ell as direct bacterial contam- 
ination must constantly be kept in mind In cases in which a direct surgical 
approach is not made to expose the aneur)'sm, the operation is done under 
novocaine infiltration anesthesia with roentgenologic guidance It is now con- 
sidered best to introduce the needle through a skin incision using towels over 
the skin edge held in place by skin clips All instruments used to this point 
are discarded and gloves are changed before proceeding witli the operation 
The special needle (Fig i,F), is introduced through the sac uall of the 
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aneurysm, using the sharp trocai -pointed stylet (Fig i, D) The trocar-pointed 
stylet IS replaced by the special innei sheath (Fig i, G) bearing a blunt stylet 
Fig I, I) A loop of wire is passed thiough the \\ii«-passei (Fig l,H), 
which, foi the time, is left unattached to the needle Adequate w'lre is unwound 
from the spools mounted upon the geaied leel The loop of wire is then 
advanced thiough the needle to a point tw'o oi thiee centimeters beyond the 
end of the needle The opeiatoi holds one wire and advances the other, thus, 
forcing the foimation of the fiist loop of w'lre within the aneurysm Next, the 
wire that has been held is gently withdrawn until the bend in the wire snugs-up 
to the end of the needle This assures one that the loop thus formed and subse- 
quent loops will land within the sac of a saccular aneurysm After the passage 
of several loops of wire by hand, the wure-passer is attached to the needle and 
the wire quickly passed tw'o wures at a time The introduction of a ten-meter 
segment of w'lre requires about five minutes 

The protruding ends of the wire are 
attached to the electrode cap (Fig i, B) 
after the latter is adjusted to the needle 
It IS necessary to remove thoroughly 
the insulation from the w'lre in contact 
w'lth the binding posts of the electrode 
cap A roentgenogram of the aneurysm 
at this point will confirm the position 
of the wure and reveal the amount of 
clot already present in the aneurysm, 
if any The insulation of the wure is tested before heating, (see ohm- 
meter, Fig 3) The rate of blood flow' through the aneurysm is next meas- 
ured by noting the number of amperes required to raise the temperature of the 
wire 15° C , 7 e , an average tempeiature of 53° C The w'lre is finally heated 
to 80° C for a period of ten seconds After an interval the wire may be 
reheated for another ten-second period Finally, the wiie is clipped flush with 
the needle and the ends pushed into the aneurysm with a blunt stylet (Fig 
I, I) Additional segments of w'lre are introduced and heated until a final ten- 
meter segment requires three amperes to raise the temperature of the wire to 
80° C Experience has revealed that when one or more segments of w'lre, well- 
distributed within a saccular aneurysm, requires only three amperes to heat 
the w'lre to 80° C , mass clotting of the aneurysm takes place at once It has 
been a routine policy at the final operative stage to check the completeness of 
clotting by making an arteriogram 

Since the rate of blood flow' through aneurysms of similar size may vary as 
much as 300 per cent, the amount of wire necessary to impede blood flow to a 
point conducive to mass clotting must likewise vary greatly Each ten-meter 
(33-foot) segment of wire has a surface area of eight square inches The 
deposit of a layer of protein coagulum by heating increases the surface area to 
approximately 16 square inches Some idea of the magnitude of the clot-stim- 
ulatmg surface exposed to flowing blood and the impedence to blood flow effect 
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Fig 3 — Diagram of electrical circuit 








nZZT aneurysm of abdominal aorta 

may be obtained by multiplying the above figuic by ten, the numbei of ten- 
meter segments often i equired to obtain mass clotting in wide-mouth, high rate 
of flow aneniysms 

Adheience to the wiie and to the sac wall of a clot deposited within an 
aneuiysm is imperative and its organization desirable Whereas wire alone may 
reinforce blood clot, the heating to 8o° C of wiie distributed on the inside 
surface of an aneurysm sac, as above advocated, causes inflammation in the 
sac w^all Tissue subjected to a temperatuie of 8o° C for a few moments reacts 
within 24 hours with edema, vascular engorgement, and a typical inflammatory 
reaction on the part of the white corpuscles The peak of the heat inflammation 
is reached m from four to six days This is followed by a period of repair, m 
which fibroblasts appear and tissue organization takes place with the aid of a 
network of budding capillaries The entiie reaction occupies a peiiod of from 
ten to twelve days without, at any time, the appearance of tissue slough 
Experimental and clinical evidence suggests that inflammation as engendered 
by the electrothermic method of wiring aneuiysms is an important factor m 
strengthening the sac wall of an aneurysm 

The electrothermic method has enabled us to attain “brimful” clotting of 
wide- as well as small-mouth aneurysms Extensive clotting has been attained 
m high blood velocity fusiform aneurysms and m a few instances the channel 
available to blood fiov; through the aneurysm has been narrowed to approxi- 
mate the diametei of the parent aoi ta A fair number of cases of wide-mouth 
saccular aneurysms due to syphilis treated by wiring and electrothermic coag- 
ulation has now been followed for periods m excess of five years (one case ten 
years) without showing any return of preoperative symptoms or roentgeno- 
graphic evidence of increase m size However, a statement of physical fact 
was made that “brimful” clotting of saccular aneurysms i educes the strain 
upon the sac to that resulting from the lateral wall pressure upon the surface 
area of the mouth of the aneuiysm only 

Since the strain is in pioportion to the surface aiea of the mouth, othei 
things being equal, a fully clotted, wide-mouth saccular aneurysm is subjected 
to a greater strain than a fully clotted, small-mouth saccular aneuiysm, and, 
by the same token, a well, but not completely clotted, fusifoim aneurysm is 
subjected to more strain than a “brimful” clotted wide-mouth saccular aneurysm 
As would be expected from these physical facts, our results have indicated that 
we may expect permanent inactivation m cases of saccular aneurysm belonging 
to the smaller-mouth group m which “brimful” clotting may be attained (longest 
follow-up II years) Some of the wide-mouth syphilitic saccular aneurysms, 
however, have remained stabilized for several years, only to manifest evidence 
of gradual reactivation A few of these were subjected to another wiring oper- 
ation with lemarkable palliation of symptoms The wiring and electrothermic 
coagulation method has given a new lease on life to many cases of fusiform 
syphilitic aneurysm of the aorta Many of the cases were stabilized for 4-, 6- 
and 8-yeai periods, during which they were in the great pait symptom-free 
fiom shiinkage of the aneurysms following operation 

203 



ARTHUR H BLAKEMORE «f Surseri 

Vugust 1947 

Eail} m oui expeiience with wiring and electiotheimic coagulation of the 
arteriosclerotic fiisifoim aneur3^sin of the abdominal aorta we appreciated that 
less inactivation of the aneuiysin lesultcd from a given amount of clot deposited 
than obtained m a siniilai ly-ti eated syphilitic fusiform aneurysm This lack 
of resistance to expansion of the aneuiysm sac is not unexpected when one 
considers that arteiioscleiotic degeneration is likely to involve the entire thick- 
ness of the aorta wall 



Fig 4 — Roentgenogram of artei losclerotic aneurysm of 
the abdominal aorta in a man age 55 


The fusiform aneurjsm with the aorta has been 
occluded with wire, using the method of electrothermic 
coagulation and endo-artenal occlusion The collateral 
circulation is adequate 


Whereas, it seemed certain that clotting the arteriosclerotic fusiform 
aneurysm down to a narrow channel did slow up the rapidity of growth of the 
aneurysm, a complete cure could only be counted upon if all blood ceased to 
flow through the aneurysm The above conclusion was gradually arrived at 
through an experience with several cases over a 2- to 4'year period 

As previously stated in our group the arteriosclerotic aneurysm arose from 
the abdominal aorta some three, or more, centimeters distal to the oiigin of 
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the lenal arteries in all of the cases examined This is a foitunate finding 
because, following -wiiing Mith the deposit of clot nithin the aneuiysm, theie 
IS one obstacle to hurdle to attain a cure of this vicious lesion, namely, a safe 
and suie way of occluding the artenoscleiotic abdominal aoita A ciitical 
levle^^ of the total suigical experience lecoided of ligation of the abdominal 
aorta prompted the late Di Mont R Reid^ to state that “partial or gradual 
occlusion of the aorta by compression (constiiction) cannot succeed and should 
not be attempted This applies also to the use of partial constrictions proximal 
to a totally occluding ligature” Brooks, Blalock and Johnsom have pointed 
out that the immediate mortality and incidence of gangrene is so high m 
humans as to preclude the use of a one-stage occlusion of the aoita 

An experience with some five cases of arteriosclerotic aneurysm m which 
gradual compiession (constrictive) occlusion of the aorta was practised m 
conjunction nith wiring and electrothermic coagulation of the aneurysm con- 
vinced me of the wisdom of Doctor Reid’s lemarks A possible safe way of 
securing giadual occlusion of the aorta suggested itself to us in treating four 
cases of arteriosclerotic aneurysm of the popliteal artery by wiring and elec- 
trothermic coagulation This was before the days of controlled anticoagulant 
therapy and the wiring method n as decided upon because the collateral circu- 
lation r\as poor in these cases The fusiform aneurysms weie gradually and 
progressively occluded and with them the popliteal arteries, m two or three 
operative stages, m these four cases without mishap This experience proved 
two things ( I ) that in the electrothermic method we had a way of obtaining 
controlled blood clotting, and (2) the impedance effect of wire introduced 
into the popliteal artery afforded a means of gradual occlusion of the artery 
from within, nithout interference with the blood supply to the artery w^all 
We thought it fitting to try this principle of endo-ai terial occlusion first 
on a case of arteriosclerotic aneurysm of the abdominal aorta who had restored 
an essential^ normal blood flow^ through the aneurysm because of cutting 
through of a cotton tape which had been placed upon the aorta some months 
previously Not only had the tape cut through the aorta w^all for most of its 
circumference but there w^as at the band site a thm-w^alled aneurj'^sni, the size 
of a plum First, a 33-foot segment of insulated ware was introduced into the 
secondary (traumatic) aneurysm and heated to 80° C Followang this, some 
150 feet of No 34-gauge (B & S) com silver wire coated wath partly hydro- 
lyzed polyvinyl acetate w'as forced into the abdominal aorta immediately proxi- 
mal to the beginning of the aneurysm but distal to the origin of the renal 
arteries The ware was concentrated m a ball obstructing the aorta to the 
desired amount using the oscillometer on the leg as an indicator Partly 
hydrolyzed polyvinyl acetate coating of the ware was employed primarily for 
its tissue-irntating effect in stimulating fibroplasia through the meshes of the 
w ire If this effect is not desired, e , in a first-stage partial closure, bare wn e 
may be employed The combined principle of using unheated wire for gradual 
occlusion of the aorta immediately proximal to the origin of the aneuiysm and 
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heated (insulated) wire directly in the aneurysm was successfully earned out 
m this case and it is now some three years since operation The combined 
method of endo-arterial occlusion and electrothermic coagulation has now been 
employed successfully m three cases of fusiform arteriosclerotic aneurysm of 
the abdominal aorta and two cases of syphilitic fusiform aneuiysm of the 
abdominal aorta It is unnecessary to emphasize the necessity of using a 
method of inducing clotting within the aneurysm m which control of the 
amount of clot induced at a given time is possible After a thorough inves- 
tigation of the methods of creating clot-stimulatmg surfaces upon wiie (elec- 
trolysis, protein coatings from blood, gelatin, etc ), we concluded that electio- 
thermic coagulation, according to the technic desciibed, is the only method 
which affords selective, controlled clotting within aneurysms The electro- 
thermic method gives selective clotting following the introduction and heating 
of a given amount of insulated wire simply because the clot-stimulatmg protein 
coagulum is deposited only upon those portions of the w ire n ithin the recesses 
of the sac of the aneuiysm Wire thus located becomes heated and, thus, coated 
with protein coagulum because it is not exposed to the cooling effect of the 
faster moving blood in the axial current This important underlying character- 
istic of the electrothermic method of wiring aneurysms makes it peculiarly 
suited to use in combination with endo-arterial occlusion m the gradual 
obstruction and clotting of the parent ai tery w ith the aneurysm in those cases 
of aneurysm in which sudden occlusion would mean the loss of life or limb 

SUMMARY 

Some impoitant differential features in the patholog}' and symptomatology 
of aneurysm of the abdominal aorta due to syphilis and arteriosclerosis are 
brought out m a review' of 32 cases Arteriosclerosis was the cause of the 
aneurysm m 26 of the 32 cases reviewed 

The importance of pain as a warning of beginning rupture with spreading 
retroperitoneal hemorrhage m cases of arteriosclerotic aneurysm was empha- 
sized Attention is called to the fact that thei e is almost invariably an interval 
of from two to six days following beginning retroperitoneal hemorrhage before 
death supervenes from sudden rupture of the retroperitoneal hematoma into 
the general peritoneal cavity — a period during w'hich life-saving measures may 
be instituted 

A method of wiring and electiothermic coagulation of aneurysms is pre- 
sented and discussed A technic is described for the surgical cure of fusiform 
aneurysm of the abdominal aorta employing wiring and electrothermic coagu- 
lation m conjunction with gradual endo-arterial occlusion 

CONCLUSION 

It seems certain, due to the tremendous decrease m mortality from pneu- 
monia and some other diseases, that formerly took great toll m people of the 
arteriosclerotic age-group, that the surgical therapy of the arteriosclerotic 
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aneuiysm of the abdominal aoita will assume a position of increased im- 
portance 
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INTRAVENOUS OXYGEN AND PULMONARY EMBOLISM 
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In A RECCNi STUDY by Jacobi et al / on the effects following the intrave- 
nous administration of oxygen to dogs and human beings, it appeared that 
this form of therapy may have an important place m the treatment of shock 
They pointed out that undesirable effects of pulmonary embolism or cardiac 
tamponade m previous studies uere due to the administiation of too large a 
quantity of the gas or to the injection of the gas at too high a pressure How- 
ever, m our experience, as reported herein, we could not demonstrate any sig- 
nificant benefit follow mg intravenous oxygen , on the contrary, m some 
instances definite deleterious effects were noted 

A review of the literature reveals that extrapulmonary respiration was 
attempted as far back as i8il - Tunnichfte and Stebbings,^ m 1916, Singh and 
Shah,'* m 1940, injected oxygen intiavenously to human beings w'ho were 
suffering from anoxia of various causes The) reported excellent clinical 
improvement m each case Bouine and Smith,’’ in 1927. Dick,” in 1929, and 
Grodins, Ivy, and Adler,’' in 1943, all administered intravenous ox) gen to dogs 
at various rates They found that intravenous oxvgen caused pulmonar) 
embolism and a distinct arterial hypoxemia Contrary to these findings, Jacobi 
described experiments on dogs m shock to whom intra\enous oxygen was of 
distinct benefit Similarly, he desciibed three human patients in shock who 
showed marked clinical improvement with intravenous oxygen 

Inasmuch as it appeared possible that intravenous oxj'gen maj be of 
benefit to patients m shock, it was decided that further study was indicated 
especially in regard to the changes in the oxygen satuiation of arteiial blood 

JIETHODS AND PROCEDURES 

The method used to administer the oxygen was by water displacement of 
the gas from a gallon container to a w^ash bottle, and from thence b) tubing 
to the patient By means of a Murphy-drip system and a water manometei 
attached to the top of the wash bottle, small but accurate rates of oxygen at 
known low pressures could be delivered for several hours at a steady flow A 
cubital vein was used as the site of the oxy'gen injection on all patients Van 
Slyke gasometric anatyses of the oxy'gen content of arteiial blood were done 
on blood samples drawm from a femoral artery with oiled sy'ringes At least 
two samples were draw'n for each determination Hemoglobin determinations 
were done with a photelometer Oxygen capacities w ere calculated therefi om 
Blood pressure, pulse, respirations, and hematocrits were recorded at regular 
and frequent intervals Electrocardiographic tracings w'ere taken on two 
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patients, and a senes of roentgenogiams of the chest on one patient All these 
various determinations were done before oxygen was administered and while 
the gas ^^as given at different rates intravenously Experiments were con- 
ducted on four postopeiative patients, all of whom were considered stable from 
a cardiorespiratory viewpoint In addition, two patients m shock were also 
studied Finally, an in vitio expeiiment was perfoimed in which oxygen was 
passed tin ough 50 cc of venous blood at various rates to note any changes m 
OX} gen satin ation of the blood 

CASE REPORTS AND RESULTS 

Case 1 — Studies were done on four stable, conscious patients The' first of these 
W'as a 60-} ear-old w'hite laborer, upon whom a celiotomy had been performed three days 
previousl} At this time a diagnosis w'as made of inoperable carcinomatosis of the liver 
of unknown origin His laboratory findings included a red blood cell count of 3,600,000, 
hemoglobin 93 Gm , and total blood proteins 42 Gm per 100 cc He w^as afebrile, very 
jaundiced, and had a pitting edema of his ankles Blood pressure 105/65, respirations 15, 
and pulse 72 The arterial oxygen saturation decreased from 94 per cent to 55 5 per cent 
after the administration of 9 3 cc of oxj'gen per minute for 20 minutes It then further 
decreased to 46 per cent saturation at the slower rate of 6 6 cc per minute for 12 minutes 
The rate w'as decreased because of the onset of symptoms w’hich appeared 15 minutes after 
the patient had recen ed oxygen at the rate of 93 cc per minute These symptoms 
consisted of a sensation of pressure in the low'er chest, cough, restlessness, and profuse 
perspiration , some relief w'as obtained by placing the patient in Powder’s position Symp- 
toms lasted until 13 minutes after the oxygen was stopped Respirations increased from 
15 to 23, pulse and blood pressure remained constant 

Case 2 — This patient w'as a 68-year-old colored laborer A partial gastrectomy for 
chronic peptic ulcer had been performed five w'eeks previously Postoperatively, he 
developed an abscess and gangrene of the low'er lobe of his right lung At the time of 
this stud}, he was afebrile and show'ed a distinct cyanosis of his bps His pulse was 78, 
respirations 20, and blood pressure 120/90 The laboratory findings revealed a red 
blood cell count of 4,300,000, hemoglobin 138 Gm , and total proteins 5 2 Gm per 100 cc 
His radial and femoral arteries w^ere very sclerotic The arterial oxygen saturation at 
the onset w'as^only 77 per cent, w'hich low value w'e attribute to his lung pathology He 
received intravenous oxygen at the rate of 5 5 cc per minute for 12 minutes and 7 2 cc 
for 20 minutes, at w’hich time the oxygen was stopped The arterial blood sample w'as 
taken seven minutes later and w^as 44 9 per cent saturated Eleven minutes later it w^as 
57 4 per cent His symptoms started after he had received 5 5 cc of oxygen per minute 
for 12 minutes and 7 2 cc for three minutes The symptoms stopped ten minutes after 
the oxygen w’as eliminated They consisted of difficulty in breathing, cough, yawning, 
feeling of faintness, restlessness, and profuse perspiration In 15 minutes, these symptoms 
were foliow'ed by clonic contractions of both upper extremities, left facial paralysis, and 
aphasia How'ever, he remained conscious Respirations increased from 20 to 28, and 
blood pressure from 120/90 to 185/100 The pulse, hemoglobin, and hematocrit all 
remained constant There seemed to be some relief of the early symptoms w^hen the 
patient was placed in Powder’s positiom 

Case 3 — This patient w'as a 36-year-old w'hite man, upon wdiom a palliative gastro- 
enterostomy had been performed for inoperable carcinoma of the stomach six days previous 
to this study Examinations of the heart and lungs w'ere negative The laboratory find- 
ings included a red cell count of 4,000,000 , hemoglobin 1 1 5 Gm , total proteins 6 6 Gm 
per 100 cc The oxvgen was administered intravenously at a rate of 4 cc per minute for 
20 minutes, w'hen the arterial oxygen saturation dropped from 87 7 per cent to 75 3 per 
cent The oxygen w'as stopped at fins lime because of blood clot formation in the needle 
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He then received 6 cc of ox j gen per minute for 40 minutes, at which time the arterial 
blood oxygen saturation was 77 per cent The rate was then increased to 10 cc per 
minute Eight minutes later, he suddenly commenced to cough, perspired very profusely, 
and was obviously very apprehensive He also complained of a feeling of compression 
about his lower chest The oxjgen was stopped six minutes after the onset of symptoms, 
at this time the arterial oxygen saturation was 64 2 per cent All svmptoms disappeared 
20 minutes after the oxygen was stopped Pulse, blood pressure, hemoglobin, and hemat- 
ocrit readings were essentially constant throughout this study Respirations increased 
from 25 to 30 Anteroposterior and lateral roentgenograms of his chest, taken before 
and during the administration of the oxygen, failed to reveal any visible gas bubbles or 
other changes in the heart or lungs Electrocardiographic tracings were also recorded 
before the administration of oxygen, again, at the 6 cc per minute rate, and, again, ten 
minutes after the oxygen flow had been stopped The following deviations from the 
control electrocardiogram were noted in the latter two tracings (i) flattening of the 
T-w'aves m the first leads, (2) a distinct elevation of the T-wavc above the base line in 
the third leads, and (3) a diphasic T-wavc in the fourth leads 

Case 4 — This patient w as a white male, age 62 Elev en dav s previous to this study, 
a calculus had been remov ed from the common bile duct and a cliolcc> stectomj performed 
His postoperative course was uneventful The red blood cell count was 4,500,000, 
hemoglobin 12 8 Gm , total protein 7 9 Gm per too cc The electrocardiogram taken 
pi lor to surgery and another taken at the onset of the experiment rev calcd a bradv cardia, 
frequent extrasvstolcs, and a sinus arrjtlimia The arterial blood oxvgen saturation at 
the onset was 91 per cent It dropped to S3 5 per cent after he had received oxvgen 24 
minutes at the rate of 4 cc per minute The rate of oxygen flow was then increased to 
6 cc per minute Seven minutes later, the patient suddenly complained of precordial pain 
He was restless and perspired profuselj The oxygen was stopped immcdiatelv at the 
onset of his symptoms Eight minutes later, the arterial blood oxvgen saturation had 
fallen to 65 5 per cent The precordial pain disappeared shortly after he had receiv'cd 
too per cent oxj'gcn bj mask The pulse increased from 52 to 66, respirations from 20 
to 28, and blood pressure from 90/60 to 100/60 during his symptoms The hematocrit 
and hemoglobin values remained constant Electrocardiograms were taken before and 
during the administration of the oxygen at rates of 4 cc and 6 cc per minute The 
following changes were noted in the latter two tracings (i) flattening of the T-waves 
in leads I and IV, and (2) elevation of the take-off of the S-T segments m lead IV 
Case 5 — The first attempt to treat a patient in shock occurred when a S2-jear-old 
colored laborer suddenly lapsed into severe shock 12 da vs following a subtotal gastric 
resection for carcinoma of the stomach His condition was evidently caused by the 
rupture of a lesser omental cavitv abscess, although he had had no fever or other clinical 
signs indicating its presence When seen by us, plasma had been started His blood pres- 
sure was 80/60, pulse 144, respirations 38 He complained of severe abdominal pain, and 
the abdominal findings were those of acute diffuse peritonitis Under cjclopropane anes- 
thesia, his abdomen was opened At this time, intravenous oxygen was started No 
immediate changes were noted Surgery consisted of attempts to wall-off the abscess 
with omentum and in draining it During surgery, the pulse gradually rose to 180, 
respirations remained constant, and blood pressure fell to 66/50 Immediately post- 
operative, the patient rallied somewhat, with 3 blood pressure of 104/58 During this 
time he received a 500-cc blood transfusion He soon, however, lapsed back into his 
preoperative condition, and progressively declined until his death five hours later During 
this last interval, his blood pressure varied from 80/60 to 60/50, his pulse stayed at I55i 
and respiration at about 52 Except for three short periods of time, intravenous oxygen 
was given continuously until his death at a rate of 10 cc per minute No changes were 
noted in the patient’s condition during these periods Autopsy revealed a perforated 
jejunal ulcer, with a generalized suppurative peritonitis, moderate pulmonary edema, and 
approximatelj i cc of gas in the right v entncle and 3-4 cc in the pulmonary artery The 
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patient died from the severe toxemia of suppurative peritonitis In summarizing this 
case, we feel that the oxygen did not benefit nor, on the other hand, did it appear to be 
detrimental to him 

Case 6 — The second attempt to treat a patient in shock was made with a sp-year-old 
colored laborer with an inoperable carcinoma of the head of the pancreas and a complete 
obstruction of the common bile duct He received % gram of morphine sulphate and 
1/120 gram of atropine sulphate preoperatively Surgery consisted of palliative cholecysto- 
enterostomy, and entero-enterostomy The patient left surgery m a state of moderate 
shock, with a blood pressure of 86/68, pulse 92, and respiration 26 Intravenous oxygen 
was started one hour later at a rate of 8 cc per minute, at this time his blood pressure 
was 89/80, pulse 80, and respiration 28 Five minutes later, the patient became more 
talkative and seemed somewhat more oriented The blood pressure rose to 110/80, but 
the pulse and respiration remained the same The oxygen was continued for one hour 
and fifteen minutes, at the end of which time the blood pressure was 110/88, and respira- 
tion was 26 In this case, it appears that intravenous oxygen was of benefit to the 
patient However, progressive improvement m his postoperative condition was evident 
before the oxygen was started During the periods of oxygen administration to both of 
the last two cases, there was no clinical evidence of pulmonary embolism nor of increased 
hypoxia Unfortunately, arterial oxj'gen determinations were not done in either case 

IN VITRO EXPERIMENT 

In Vitro Experiment — An attempt was made to approximate the amount of 
absorption of oxygen that occurred in the venous blood during its passage from the 
intravenous needle to the lungs Fifty cubic centimeters of venous blood were drawn 
from a dog with an oiled syringe containing potassium oxalate The blood was injected 
under a covering of mineral oil into a 50 cc burette and a sample drawn from the burette 
for oxygen determination Three cubic centimeters of oxygen were slowly injected into 
the bottom of the burette The burette was held at such a slant that it took approximately 
ten seconds for each gas bubble to pass through the blood column to the top of the burette 
Blood samples were again drawn, and no changes were noted m the oxygen saturation 
in this blood It was observed that the oxygen bubbles rose along the upper surface of 
the blood column, and, thereby, reduced the amount of gaseous surface exposed to the 
blood for absorption This same observation had also been made m several dog experi- 
ments m which oxygen was injected into the femoral vein and its passage through the 
inferior vena cava noted Here, likewise, the gas bubbles had coalesced and rode along 
the upper surface of the column of blood 

Discussion — In experiments on intravenous administration of oxygen to 
dogs, it had been shown by several investigators that there resulted a fall in 
the oxygen saturation of the arterial blood Grodins, Ivy, and others con- 
cluded that this hypoxia was due to gaseous pulmonary embolism In our 
study of four cases, we, likewise, obtained a consistent fall m the oxygen 
saturation of arterial blood This decrease in the oxygen saturation was 
marked However, the values are comparable to those obtained in high altitude 
experiments m which the degree of hypoxemia was correlated with symptoms ® 
We also believe this fall to be due to gaseous pulmonary embolism 

Only a very small part of the gas is absorbed into the blood during the 
passage of the gas through the systemic veins, heart, and pulmonary arteries 
Absorption does not take place because only a very small surface of the gas 
IS exposed to the blood column in the vessels Moreover, as the oxygen left 
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the gas bubbles, nitiogen and carbon dioxide \\ould enter the bubble The 
pressure of the gases in the bubble is atmosplienc, or approximately 760 mm 
mercury The pressure of the gases dissolved m the venous blood is 703 mm 
Hence, the bubble of gas would disappear at a late dependable upon the 
diffeience between the gas pressures of 760 mm and 703 mm and not upon 
the difference of piessuie between 760 mm and the pressure of oxjgen m the 
blood (approximately 40 mm ) That the gas bubble may not completely 
disappear in the venous blood is eridenced by the autopsy performed on the 
fifth patient w'ho received oxygen intravenously up to the time of his death 
One cubic centimetei W'as found in the right ventricle and 3-4 cc in the 
pulmonary artery The gas liad not been absorbed even though it had been in 
contact with the blood for 2 5jiours following his death, when the heart was 
opened under water Still another factor although minimal, that would 
dimmish the absoiption of the oxygen into the venous blood is the higher con- 
tent of carbon dioxide in this blood as compared to the blood m the pulmonaiy 
capillaries 

\\ e feel that oxygen bubbles of fairly large diameter reach and occlude the 
smaller pulmonary arteries or at least occlude the arterioles It is unlikely that 
the pulmonary capillaiies are themselves piimarily occluded, because if the gas 
bubbles were small enough to reach the capillaries, their surface exposure 
would probably be large enough for rapid absorption of the gas b) the blood 
to occur Moreover, w'hat oxygen was not rapidly absorbed would tend to 
pass into the alveolar spaces, as the oxygen tension in the gas bubbles w ould 
be greater than the 105 mm oxygen tension in the alveoli Finallv, w'lth a com- 
parison of the size of the pulmonary capillary bed to the small amount of 
OX) gen used in these experiments, it appears eiideiit that occlusion of the 
capillaries alone would be too minimal to cause the changes noted in the 
experiments 

Three patients exhibited symptoms of pain in the chest, cough, and 
restlessness, and the first four patients sweated profusely and had a slightly 
increased respiratory rate These symptoms, likewise, appeal to be due to 
pulmonary embolism, for they are exactly analogous to those that occur in 
the “chokes” of nitrogen pulmonary embolism at high altitudes That the 
administration ot intiavenous ox)gen does lesult in arterial hypoxemia is 
evident by the consistent measured deciease m the arteiial ox}gen satin ation 
that occurred in the four patients upon whom these determinations were made 
This fall in oxygen saturation progressed as more oxygen w’as given either at a 
faster rate or for a longer period of time That a systemic hypoxia occurred 
may be evident from the following 

1 Symptoms of cerebial hypoxia occurred m one patient The)'^ consisted 
of aphasia, facial paralysis, and clonic contractions of his upper extremities 

2 Symptoms of myocardial hypoxia occurred in another jjatient and 
consisted of precordial pain 

3 Changes in electrocardiographic tracings occurred m the tw'o patients 
of whom they were taken These changes weie in the T-waves and the S-T 
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segments and are compaiable to those occurring in the anoxic test foi angina 
pectoris 

The cause of the arterial hypoxemia is apparently pulmonaiy occlusion 
The reflex vasospasm and possibly bronchospasm lesulting from the pul- 
monar} embolism may be a fuither significant factor in the cause of the 
Inpoxia^^ That this reflex spasm does occur is suggested by the following 

1 The occuri ence of a agal stimulation has been shown by the expei iments 
on dogs, in ^^hlch sectioning of the vagi prevented the shallow rapid respna- 
tions that resulted from intravenous oxygen In our human expei iments, 
\agal stimulation may explain the lack of the increased pulse late m spite of 
the piesence of hypoxia 

2 That sympathetic stimulation occuis is evidenced by all of the first foui 
patients displa}ing marked profuse perspiiation, and by the fact that the 
blood pressure either remained constant or became elevated in spite of 
decreased pulmonar) circulation 

3 Cases ha^e been reported m which a small pulmonaiy embolus pro- 
duced marked s3mptoms w'hich were lelieved with laige doses of ati opine 
and papaAcrine 

4 Intravenous ox\gen was gnen to one patient for one hour and fifteen 
minutes at the rate of 8 cc pei minute without the development of any pul- 
monar} or Inpoxic s}niptoms This patient had been atropimzed and was in 
the state of shock It is possible that these factois pi evented some of the 
reflex spasm 


StTMAIARY 

1 Intiavenous oxygen was administered to two patients in shock and to 
four patients who were not m shock, and w^eie considered to be in relatively 
stable cardiorespiratory condition Clinical observations alone w^ere made on 
the last two patients Clinical and laboratory studies w^eie done on the 
first four 

2 One experiment was done /;/ vtt)o to appioximate the amount of 
OX} gen absorbed by the venous blood during the passage of the gas bubble 
from the intravenous needle to the lungs 

3 No definite clinical changes w'ere noted in the first patient wdio was in 
shock There was possible clinical improvement that could be attributed to the 
OX} gen in the second patient in shock Moreover, there was no clinical evi- 
dence of pulmonary embolism nor of systemic hypoxia In the other foui 
patients there was a marked and consistent decrease in the oxygen saturation 
of the arterial blood This decrease w^as evidenced by actual arterial oxygen 
saturation determinations, symptoms of systemic hypoxia, and by electrocardio- 
graphic changes Three of these last four patients gave clinical evidence of 
pulmonary embolism 

4 Studies on the passage of ox}gen bubbles through a sample of venous 
blood at rates comparable to intravenous admmistiation, failed to show any 
appreciable absorption of the gas by the blood 
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CONCI/USIONS 

1 The amount of oxygen absorbed by the venous blood from the time of 
its introduction into the vein until its passage to the smaller pulmonary arteries 
IS insignificant The gas bubbles coalesce in the veins Therefore, they are of 
considerable diameter upon their arrival at the smaller pulmonary arteries, 
and occlude these vessels 

2 The resulting gaseous pulmonaiy embolism causes a deci eased pul- 
monary circulation, aiterial hypoxemia, and systemic hypoxia These effects 
aie piobably intensified by leflex pulmonary spasm and possibly also 
bronchospasm 

3 It IS possible that some of the ill effects of pulmonary embolism, and 
theieby arterial hypoxia, may be alleviated by the administration of atropine 
and papaveiine before intravenous 0x3 gen is given Likewise, a state of shock 
01 of anesthesia may diminish these reflexes and thereby permit the oxx'gen 
to be given 

4 In Its piesent status the value of intravenous oxygen as a therapeutic 
measure is doubtful Because of pulmonaiy embolism it is definitely hazardous 
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LARYNGO-ESOPHAGECTOMY 
Ralph R Braund, M.D 

Balti’^ohe, Maiiyeaxd 

FROM THE TUMOR CLINIC OF THE NATIONAL CANCER INSTITUTE, U S PUBLIC HEALTH SERVICE 

The management of advanced cancel of the larynx piesents a difficult 
and often discoui aging pioblem Not infiequently these cases are seen with 
their disease so fai advanced that surgery and/or radiation offers palliation 
foi a short time only 

That intrinsic cancel of the lannx will remain localized foi many months 
and e\en years is well lecognized Yet, when it gets beyond the bounds of its 
cartilaginous cage it will produce regional l}mph node oi soft-tissue involve- 
ment and e\ en distant metastases ^ Cancel of the exti insic larynx usually 
grows much moie lapidly Often ceiwical lymph node involvement is the fiist 
evidence of the disease Patients with this advanced disease aie seldom opei- 
able If given a course of ladiation therapy which is lethal foi cancer cells 
necrosis and slough of both cartilage and soft-tissues may occui ^ 

The patient with extensue intralai)ngeal neciosis must have a laiyngeal 
fissuie to lemoie the neciotic material and pi event its aspiration into the 
bronchial tree Eientually a majority of these patients die either from recui- 
lent disease, sepsis, pneumonia, pain and inanition, oi hemoirhage^ Brun- 
sclnvig'* lecently emphasized these points in desciibing his procedure foi 
panlaryngectomy 

The case being reported had all these complications, and the patient has 
now been restored to usefulness and apparent good health 

Case Report — F M , a 6o-year-old white male, was admitted to the Tumor 
Service, June lo, 1943, with a chief complaint of difficulty in breathing 

Present Illness Patient had been in excellent health until approximately one year 
prior to admission, when he began to notice a dull, aching pain in the left side of his neck 
radiating upward to his left ear Shortly after this he noticed some hoarseness in speak- 
ing He consulted his local physician who prescribed local medication and sedation, with- 
out relief His hoarseness became progressively worse During the month prior to 
admission he experienced difficulty in breathing and some difficulty in swallowing He 
had lost approximately 20 to 30 pounds in weight during the past year Review of his 
other symptoms revealed nothing of note 

Past Medical and Family Hist 01 y Irrelevant 

Physical Exammatton The patient was a tall, thin, extremely dyspneic white male 
There was marked suprasternal retraction with each attempt to inspire The larynx could 
not be seen clearly on mirror examination The entire left larynx was immobile, and 
there appeared to be a diffuse swelling extending from the base of the epiglottis down- 
ward to involve the entire ventricular region, false cord, and partially obscuring the true 
cord on the left side No definite ulceration was seen Crepitation was absent on both 
sides of the larynx There was no regional l>mph node enlargement Lungs were clear 
Heart was normal size The rhythm was interrupted by frequent extra systoles There 
w'ere no murmurs Abdomen w'as flat Liver was enlarged tw'o finger breadths below 
the right costal margin Otherwise phj'sical examination was not remarkable 
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Clinical Com sc Because of lus extreme difficulty in breathing, an emergency 
tracheotomy was performed Three days after admission a biopsy, obtained from the 
region of the left ventricle, showed squamous cell carcinoma, Grade II At this time a 
more satisfactory examination of the larynx was possible The lesion was found to 
m\olve the entire left half of the larvnx and posteriorly extended to the right Because 
of the extent of the disease and probable extension into the esophagus posteriorly, radia- 
tion therapy was believed to be the treatment of choice Between June ro and August 3J 
he received 3.550 r to each of two 64-cm circular poits directed to cross-fire the larvnx 
Factors 250 kv , 50 cm target skin distance t 5 cu filter Patient tolerated his treatment 
well Regression of the tumor appeared to be slow There was rather marked skii 



Fig I Fig 2 

Fig I — Patient 24 hours postoperative Tube for feeding is in upper end of esophagus 
Fig 2 — Pedicle giafts developed on chest have been shifted to sternoclavicular area 
Necrosis 111 soft-tissue on right side of neck is where common carotid artery perforated 

icaction On August 13th tracheotomy tube was removed and the stoma permitted to 
close Breathing was normal and without difficultv He was discliarged from the hospital 
on August 13, 1943 

Patient remained svmiptom-free until Octobei, I943, when he again reported to the 
Clinic complaining of difficultv m breathing, cough and pain 111 his chest Roentgenograms 
and physical findings indicated right lower lobe bronchial pneumonia, temperature 
1034° F, pulse no, respiration 32 Indirect examination showed the larynx to be very 
edematous This edema also involved the subcutaneous tissues of the entire neck Trache- 
ostomy stoma was reopened and considerable purulent material was expelled from the 
bronchial tree It was quite evident that extensive necrosis of the larynx had occurred 
A laryngeal fissure was performed and the laryngeal cavity packed with iodoform gaure 
The patient was given sulfadiazine to control the pneumonia and local infection From 
day to dav portions of necrotic soft-tissue and cartilage were removed through the 
laryngeal fissure After four weeks the patient was relatively symptom-free other than 
some pain in the left side of his face and in the left temporal region This pain was not 
severe enough to interfere with his employment as a gardener He was discharged 
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He again repoitcd to the Clinic, Dcccmbci 22, 194^1, comiilaining of veiy severe pain 
in tlic left side of Ins head and left neck Ccivical locntgcnologic studies showed lesidual 
portions of the laryngeal caitilagcs Mirroi evaniination showed some slough and 
necrosis m the epiglottis Biopsies obtained from the posterioi and lateral walls of the 
tracheostomy stoma revealed evtensue reciiirent caicinoma Because of previous exten- 
sive radiation therapj the skin was not thought to be able to withstand additional therapy 
The extent of disease made surgical extirpation inadvisable Interstitial radiation with 
radon was belle^cd the proceduie of choice In divided doses, 21 gold seeds, totaling 
19 46 me , were inserted into the tumoi -bearing area It was believed this additional 
radiation would produce further necrosis and slough, as the tumor was destroyed 
Eighteen dais after implanting the last radon, extensive necrosis of the soft-tissues had 
occurred Because of the probabiliti of a fatal hemorrhage, a block dissection was believed 
adiisable On IMarch 22, 1945, the pa- 
tient was operated upon, under mtraie- 
nous sodium pentothal anesthesia, and a 
resection of the residual laiyiix, cenical 
trachea, anterior soft-tissues of the neck, 
and cenical esophagus was performed 
Opctaftvc Pioccdxnc Under sodium 
pentothal anesthesia, an incision was 
made along the anterior border of the 
right sternomastoid muscle Bi careful 
blunt and sharp dissection the medial 
strap muscles were divided below and 
left attached to the residual larjnx and 
h\oid bone The right carotid sheath was 
stripped of all fascia The dissection 
extended from the clavicle to one-half 
inch above the hyoid bone A similar 
procedure w'as followed on the left side, 
thus, the entire larynx was mobilized lat- 
erall}' Dissection was then carried pig ^ — Diagram showing attachment of 
across the midline in upper portion, cut- tube-pedicles to neck 

ting through all fascia and muscles abov'e 

the hyoid bone The hjoid bone was divided on either side just anterior to the cornu The 
hj^popharynx was opened, the mucous membrane of the upper border being clamped prioi 
to cutting to control hemorrhage and prevent retraction A finger was then inserted 
through this opening in the hypopharynx into the esophagus By means of sharp dissection 
the anterior three-quarters of the cervical esophagus, together with the larynx and trachea 
was resected from above dowmw'ards to approximately one-half inch above the sternum 
At this level the trachea and esophagus were amputated Careful hemostasis was obtained 
by ligating all bleeding points with No 000 catgut The skin was mobilized on either side 
and sutured with fine black silk over the exposed carotid arteries and internal jugular veins 
to the small strip of esophageal mucous membrane The mucous membrane of the anterior 
hypopharynx was sutured to the skin of the submental region The trachea w^as sutured 
to the skin with interrupted silk sutures A catheter was then inserted into the esophageal 
stoma and light dressing applied (Fig i) The patient received a transfusion of 500 cc 
of citrated blood on the operating table The operation was w^ell-borne 

Postopetaftve Comse Patient’s postoperative course w'as complicated by separation 
of the suture line on both sides, and considerable secondary infection on the right Healing 
by secondary intention on the left side w'^as slow, but satisfactory On the right, the wide 
separation of the w'ound edges was followed bj'- some necrosis 

On April 26 and July 12 tube-pedicIe grafts were prepared on either side of the 
chest (Fig 2) These were to be used to reconstruct the cervical esophagus On July 22 
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(three months after his block resection), the right common carotid artery perforated 
Fortunately, one member of the Staff was on the floor at the time and immediately ligated 
this vessel Ligation was followed by a coniiilsive seizure which lasted approximately 30 
seconds The patient remained somewhat stuporous for approximately three days No 
permanent sequelae resulted from the 1 pation of this vessel 

By successive steps the tube-pediclcs were advanced from chest to the base of the 
neck on either side of the esophageal stoma, and then advanced to the submental region 
(Fiff 3) After circulation had been well-established in this area, secondary infection had 
subsided and wound healing completed, the tubc-pediclcs were sutured to the neck An 



Fig 4 Fig 5 

Fig 4 — Continuity of esophagus has been established Patient is able to eat a regular diet 

Fig 5 — Radiograph with barium swallowing shows some puddling 111 lower portion of 
artifcial esophagus and slight constriction at line of anastomosis 


incision was made on the posterior border of each tube A corresponding incision was 
made m the skin on either side of the neck and adjacent surfaces were sutured with 
interrupted fine black silk Healing of these anastomoses was prompt and complete On 
January 17, 1946 the clavicular portions of the tube-pedicle grafts were freed on either 
side and brought across the midline The muscle and mucous membrane of the esophageal 
stoma was opened and the cut-end of the pedicle sutured to the upper end of the esophagus 
Healing of this anastomosis was satisfactory On March 14 an incision was made along 
the adjacent surfaces of the tube-pedicles The tubes were opened, the skin was under- 
mined and corresponding edges approximated The inner surfaces were sutured with 
interrupted mattress sutures of plain No o catgut to form the lining of the reconstructed 
cervical esophagus The external surfaces were approximated with interrupted sutures 
of fine black silk The healing of the two grafts was rather slow and complicated by 
slight superficial infection in the midportion, which subsided under penicillin therapy On 
the 5th postoperative day the patient was taking liquids, and on the 20th postoperative 
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day he was able to swallow a regulai diet (Figs 4 & 5) Patient is now employed as a 
farm laborer He has gained 37 pounds m weight and appears to be free of disease 

CoMMCNi Resection of the ceivical esophagus and larynx foi cancer of 
the cervical esophagus is an accepted proceduie Block resection of the struc- 
ttiies of the neck bounded by the caiotid arteiies laterally and the cervical ver- 
tebrae posteiioily is a 11101 e extensive piocedure It is justified when one 
consideis the hopelessness of the condition being treated Its use must be 
limited to patients 111 whom no wide extension 01 distant metastasis can be 
denionstiated During the past year tliiee other patients with similar stages of 
disease as the patient lepoited 111 this paper were seen in the clinic One 
lefused fuithei surgeiy aftei his left common caiotid aiteiy had been ligated 
to contiol hemoirhage The second case had a fatal hemorihage the week 
before this opeiative pioceduie was to be pei formed At autopsy, the disease 
in both was found to be localized to the neck and giossly would have been 
entirely included within the operative field The third case has recently been 
resected Reconstruction of the lemoved portion of his esophagus will be 
performed 
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LEIOMYOMA OF THE KIDNEY 

I Ch vrles Zuckeu-^i vn, M D , David Kershner, M D , 
Bernvrd D L^itner, M D , and Daniel Hirschl, M D 

Brooki-vk, N Y 

FROM Tlir DIPVRTNirMS OF SURGFR\ ANO IFDIATRICS RLTH El HOSPIT\L BROOK,! \S N \ 

The DistovEUY of a large reti opentoneal mass in infancy and childhood 
leads one immediately to a consideration of the two most common lesions m 
that age-group, namel) , neuroblastoma and Wilms’ embiyoma of the kidne) 
The hteratui e of siirgerj , pediatrics, urologj and pathology is replete w ith 
case leports and discussions of these interesting conditions " Occasional!} , 
however, the surgeon is surprised to find a benign tumor m a case in which the 
preopeiative diagnosis was that of malignancy, as in the case of a leiom}oma 
of the kidney m a newborn child, the subject of this paper In an examination 
of such standaid texts as Ladd and Gross,’ Campbell,- and Brennemann,' the 
reader w ill find no mention of leiotu} oma of the kidnej and Ew mg’ dismisses 
the subject with the statement that “m the kidnej, small myomata and mjo- 
hpomas occui in capsule oi cortex and appear to be derived from fragments 
of capsule tissue ” 

Leiomyomata of the kidne} m older age-groups have been reported on rare 
occasions fiom time to time, and, in general, may be said to consist of three 
t} pes 

1 Small, frequently multiple m}omata, several millimeters in diameter, 
found beneath the kidney capsule or m the supei ficial cortex They are encoun- 
teied as purely accidental findings at autops} in individuals who have died 
from other causes 

2 Large solitary growths causing s}mptoms and discovered during the 
life of the individual 

3 M}omata which appear to be malignant oi have undergone definite 
sarcomatous changes 

Cases of the fiist vaiiety have been lepoited by Busse,” Lartigau and 
Larkin,’" Hess’*’ Hallas,’'’ and Kietschmer-® The first recorded case of the 
second category was that of a large myoma of the lenal hilus reported b} 
Schluter,® in 1890 Foui years later, Regnier'’ presented a myoma of the 
renal capsule, and Reverdin’’* described a 48-pound fibromyoma of the fatty 
capsule of the kidney In 1899, Busse repoited a large fibromyoma, and 
Ochsner’- demonstrated a case of leiomyofibroma of the kidney weighing 4,600 
Gm , and consisting mostly of fibrous tissue In 1914. Hoffman’* reported a 
case of leiomjoma of the kidne} m a woman, age 35, and 14 years latei, 
Bugbee’^ described a leiomyoma of the kidney m a w'oman, age 35 The 
tumor was 13 5 cm m its longest diameter, appeared beneath the renal capsule 
and was sharply circumscribed and enveloped m a thin fibrous capsule Crosbie 
and Pmkeiton,-’ in 1932, reported a large, encapsulated lobulated leiomyoma 
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in a woman, age 35 The tumoi seemed to aiise fiom the outer w^all of the 
pelvis but eientually became imbedded m the kidney substance In 1935, 
Heggie and Alstead”^ desciibed a tumoi 65x55x3 75 inches m a w^oman, 
age 40 It was well-encapsulated and the blood vessels, piesent in model ate 
amount weie well-foimed The authois suimised that it might have aiisen 
fiom a small tumoi beneath the capsule, but in its advanced growth, the oiigm 
could not be stated definitely Counsellei and Menville,^®’ in 1936, described 
a case in a woman, age 29 The tumor w'as associated wnth benign cysts m a 
kidney with duplicate pelves In 1937, Michon*® added a case of angiofibro- 
leiomyoma, and Maiioir" a case of angiomyoma In their repoit, Bailey and 
Harrison^- included a leiomyoma w'-eighing 4,940 Gm and measuring 38 x 24 
X II cm This tumor occuiied in a wmman, age 26 In 1939, Goidon, Kimmel- 
stiel and CabelP® desciibed the youngest case yet on lecord, a girl age 15, in 
which the tumoi was like a myoma of the uterus The last lecorded case 
W'as that of Ciabtiee,^'* in 1944, who desciibed a leiom}oma of the kidney with 
c}stic degeneiation and calcification in a male, age 39 

Seveial malignant muscle tumors of the kidney have been reported Jaco- 
baeus,^'^ in 1903, desciibed multiple angiosai comas of the kidney in a case of 
tuberous sclerosis, and Hallas,^*^ m 1912, recorded a fibromyo-endothelioma 
that had metastasized to the aoitic lymph nodes, m the capsule of a w'oman, 
age 59 Berry, in 1929, lepoited a leiomyosarcoma of the kidney m a woman, 
age 26, which had a well-defined capsule in some places and not in otheis, and 
w'hich, on microscopy, show'ed the capsule to be split in places In 1933, 
Cooke-" reported a malignant leiomyoma w'hich had replaced the right kidney 
in a w'oman, age 60, and Sw an-® described a leiomyosarcoma of the left kidney 
removed from a male, age 71 In his senes of tumors, SmitlP^ included one 
case of leiomyosaicoma of the kidney In 1937, Mmtz®® contributed two cases 
of leiom3'osarcoma, and Patch®® a case of malignant leiomyoma 

The case w'e are presenting is unique even in so rare a tumor as leiomyoma 
of the kidney It is the first recorded case of a large solitary leiomyoma of the 
kidney in a new'born child 

Case Report — Baby S was born on July 17, 1946 at the Beth El Hospital, a 
full-term, white male infant, delivered by low forceps application The delivery was 
uneventful and the baby began to breathe spontaneously His birth weight was six 
pounds and six ounces, and his length 205 inches He was the third child born of this 
mother, the other two children being normal m every respect There was no history of 
neoplasia in the family 

Immediately after delivery, it was noted that the baby’s abdomen was somewhat 
enlarged, and examination revealed the presence of a large abdominal tumor The 
patient was transferred from the nursery to the Pediatiic Service for further study 

Examination showed a full-term, alert, vigorous male infant, who was somewhat 
pale Temperature 98“ F The baby was normal in all respects except for the abdominal 
mass The abdomen was soft, and no fluid was detected The mass filled the left side of 
the abdomen, extending from the left costal margin to the left iliac crest and from the 
midline to the left loin The tips of the fingers could just be placed beneath the left low'er 
ribs and the upper margin of the mass The surface of the tumor was perfectly smooth 
and its consistency firm There w'as apparently no tenderness on palpation and the mass 
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was mobile, as could be demonstrated bj pushing it forward from the loin Its anterior 
bordei in the midiine was lound and smooth, but the posteiior border could not be 
detected The liver and spleen were not palpable, noi was the kidney on the right side* 
Micturition and defecation were normal and urmalvsis revealed no abnormalities The 
blood count was R B C 5,790,000, Hb 119 per cent (1S3 Gm), W B C 9,600 
No erythroblasts or pathologic cells were found on blood smear The blood sugar was 
82 mg per cent, and the blood urea was 94 mg per cent An intravenous pyelogram, 
using SIX cubic centimeters of diodrast, was done Roentgenograms revealed the presence 
of a large mass in the left abdomen (Fig i) which displaced the intestines and colon 

upward and to the right The right kid- 
ney was normally visualized The pyelo- 
graphic outline on the right side appeared 
normal The left kidney outline was not 
identifiable A speck of contrast medium 
appeared in the region of the left kidney 
pelvis, and the kidney appeared to be dis- 
placed upward and to the right The im- 
pression w'as that of the presence of a left 
kidney neoplasm 

The child did well on an evaporated 
milk formula and, Julv 29, 1946, operation 
was performed (I C Z) Under drop- 
ether anesthesia, the abdomen was opened 
through a left upper rectus muscle-splitting 
incision extending slightly below the um- 
bilicus On entering the peritoneal cavity, 
a large retroperitoneal mass on the left side 
presented itself This mass pushed the left 
colon toward the midline and the spleen up- 
ward The liver was grossly normal The 
right kidney was palpated and found to be 
normal, but the left kidney could not be 
identified The mass was the size and shape 
of a baseball, smooth and very firm The 
left lateral peritoneum w'as incised and the 
retroperitoneum entered The tumor was 
found to be wel-circumscribed and w'as eas- 
ily shelled out except medially where a 
pedicle was encountered This pedicle con- 
sisted of the ureter and renal vessels which 
w'ere not invaded by the tumor mass They 
were ligated individually, following which 
the tumor was easily removed The nephric 
space was packed with thrombin-fibrin foam because of a slight generalized ooze The 
lateral peritoneum was sutured and the abdomen closed m layers, without drainage 

Immediately following the operation, the infant was given a blood transfusion and 
fluids bv scalp vein Postoperatn e recovery was complete in 24 hours The bab> ran an 
unexplained low-grade fever for two weeks, but he ate well and was alert and normal 
in all his reactions He w'as discharged, August 24, 1946, weighing seven pounds and 
eight ounces, and in good condition Recent examination of the child has shown that he 
is progressing w'ell 

Pathologic Report — Gross The specimen consists of an ovoid firm mass measuring 
7x5x5 cm , to one pole of which is attached a small infantile kidney which measures 3 5 
cm in its greatest diameter The mass is encapsulated by a thin, delicate fibrous capsule 
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It blends imperceptibly with the renal tissue neai the bilus but otheiwise appears to be 
fairlj well demarcated from the kidney The mass is uniformly firm throughout (Figs 
2, 3 and 4) On section, the cut-surface (which had been preMously fixed in 4 ormalin) 
presents the so-called classical watered silk appearance of a uterine m3'oma Small vas- 
cular spaces are identified m many portions of the tumor There is no hemorrhage or 
necrosis The renal tissue present in the specimen does not appear grossly abnormal 



Fig 2 — Gross appearance of unopened specimen 


Mtooscopic A fairlj-well demarcated but encapsulated tumor is present At the 
periphery of the tumor small bands of neoplastic tissue infiltrate among the cortical 
tubules and glomeruli wuth extension to the subcapsular region In one section the renal 
pelvic epithelium is well preserved The tumor tissue is composed of compact bundles of 
elongated cells containing vesicular o\oid nuclei w^hich show a tendency to clubbing at 
their extremities No mitotic figures are observed Abundant fibrillar intercellular mate- 
rial IS present The bundles of tumor tissue show' a fasciculated appearance Prominent 
throughout the tumor are small vascular spaces lined by flattened endothelial cells and 
containing a few' erjthrocytes (Figs 5, 6 and 7) Pathologic Diagnosis Cellular 
leiomyoma of the kidnej' 

Discussion — As previously mentioned, leiomyomata of the kidney may 
be either of the small, multiple, s}mptomIess variety discovered as incidental 
findings at autopsy or large solitary tumors recognizable during the life of the 
individual and productive of s}mptoms The histogenesis of these tumors is 
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Eu 3 






Fig 4 

Fig 3 — Gross appearance of opened specimen 

Fig 4 —Gross appearance of tumor Note watered silk appearance of myoma 
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of considerable interest Smooth muscle fibers can be found normally m the 
capsule of the kidney, the kidney pelvis and cahees, and the renal vasculature 


Fig 5 




Fig 6 

Fig 5 — ^Low power microscopic appearance of tumor Note epithelium of 

kidney pelvis 

Fig 6 — Low power microscopic appearance of tumor Note vascular spaces 


The} are not found in the parenchyma of the kidney Busse^^ has described 
abundant muscle fibei s m the medulla of the embr} onic kidney This he claimed 
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to be a possible source of fibi omyomas of the kidney This observation has not 
been confirmed by others, and smooth muscle fibers have not been seen outside 
of the walls of blood vessels in the medulla of the embryonic and fetal kidney 
(Gordon) The discovery of small myomata of the cortex m those cases in 
which the tumor does not appear to be in continuity with the renal capsule can 
be explained as being choristomas or hamartomas In the case described 
by Goi don, ef al the outstanding microscopic feature of the tumor was the 
presence of numerous large blood vessels, gnmg one the impression that the 



Fig 7 — High power microscopic appearance of tumor 


tumor was derived from the musculai coats of these vessels, the young muscle 
fibers arising from the outer and middle coats of the arterial walls In vietv of 
the fact that the main characteristic of the tumor was the foimation of large 
muscular arteries, the authors believed that the proper description for this 
case was arterioleiomyoma of the kidney 

Some writers (Busse, Hallas, Heggie and Alstead, Hess, Hoffman, Lar- 
tigau and Larkin, Michon, Regnier and Reverdin) have expressed the opinion 
that these tumors arose from the renal capsule, w'hile others (Bailey and Har- 
rison, Counseller and Menville, Crosbie and Pinkerton, and Mmtz) believe the 
origin to be from the renal pelvis or calices Rubaschows"^ describing similar 
lesions of the epididymis, ventured the opinion that they might arise from 
embryonic rests of the primitive myotome Oberndorfer,'’^ discussing similar 
lesions in the epididymis, was convinced that a chronic inflammatory process 
was the most impoitant etiologic factor There is little e\idence however, to 
support this view' 
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Unfol Innately, in most cases of large solitary tumors, the advanced growth 
of the mass precludes any attempt to ascertain its exact origin In the case 
here reported, oiigin from the capsule can be ruled out by the gross relation- 
ship of the tumor to the remaining renal tissue The inclusion of well-defined 
small vasculature spaces in many sections of the neoplasm suggests derivation 
fi om vasculature smooth muscle However, no definite transition from discrete 
blood vessel wall to neoplastic muscle could be identified, so that a definite 
statement concerning histogenesis is impossible 

Clinically, leiomyomata of the kidney present seveial mteiesting features 
In view of the paucity of reported cases of large myomata of the kidney, gener- 
alizations are out of the question The tumors have previously been found 
in an age-group varying from 15—71 years, and by fai the gi eater number 
have been found in women Both kidneys have been found to be equally 
involved The conclusion of Crabtree’*’* that leiomyomata of the kidney have a 
tendency to be associated with lenal cysts is not borne out by a leview of the 
literatuie Grossly, these tumois have the consistency of haid lubber and on 
section, piesent a smooth, white glistening appeal ance They are usually well- 
circumscribed and enclosed 111 a fibrous capsule They ai e of slow growth and 
present few signs other than a mass and occasionally pain or discomfort 
Hematuiia is laiely seen, and dysuria and frequency are occasional complaints 
Fever, vhen it occurs, is usually the result of infection of the urinary tract or 
gross degeneration of the tumor If sufficiently large so that the calices or 
pelvis are encioached upon, the pyelogram is of diagnostic value, but, even 
then, there is no means of distinguishing it fioni other renal tumors In the 
absence of malignant changes, the prognosis of leiomyomata of the kidney 
following nephrectomy is good, and if malignant change does occur, there 
seems to be little tendency to invade surrounding tissues The procedure of 
choice in the treatment of this condition is nephrectomy 

SUMMARY 

1 The liteiatuie of leiomyoma of the kidney is reviewed 

2 A case of large solitary leiomyoma of the kidney in a newborn child is 
1 eported 

3 The histogenesis of the condition is discussed 

4 The clinical aspects of the lesion ai e presented 

The authors wish to express their thanks to Dr Nathan Mitchell, pathologist of 
the Beth El Hospital, for his intensive study of the surgical specimen 
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CONGENITAL ABSENCE OF GALLBLADDER 

REPORT OF THREE CASES 
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FROM THE DIVISION OF SURGERV, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL 
AND WESLEI MEMORIAL HOSPITAL 

It is quite striking that congenital absence of the gallbladder without 
othei anomalies of the biliary system should be so raie, wheieas othei anom- 
alies of the biliary system are present m lo per cent of autopsy cases ^ Coui- 
voisier^ collected 25 such cases m 1890 In 1928, Bower^ reviewed the liter- 
ature and found 31 cases, the earliest of these cases having been leported by 
Bergman in 1701 Gioss,'* in 1938, published 38 cases In 1945, Dixon and 
Lichtman'’ reviewed 50 cases since 1900, and leported ten additional cases 
Our review of the available liteiature revealed 71 such cases To this number 
we wish to add three case repoits 

The incidence of congenital absence of the gallbladdei is about 0065 pei 
cent, as calculated fiom 18,350 autopsies by Talmadge ^ Kirshbaum’’^ reported 
the incidence of such anomaly to be about one case in 3,661 (003 pei cent) , 
w'hile Smith, Hall, Mentzer, and Nagel found six cases (0075 per cent) m 
7,919 autopsy specimens 

S3^phihs, catarrhal inflammation of the biliary tiact, fetal peritonitis, mater- 
nal toxins, and mechanical factors all have been advanced by various authois 
as theories of origin of this anomaly A more easily defended theory involves 
the embryology of the biliary tree The embryologic origin of the biliary tract 
is intimately associated wuth that of the liver The entiie biliary system, 
including the liver, arises as a ventral outgrowth fiom the gut entoderm in 
the region of the anterior intestinal poital ^ Fiom the floor of the future duo- 
denum arises the hepatic divei ticulum , a ci anial poi tion wdiich is the anlagen 
of the bile ducts, and a caudal portion w hich is to become the gallbladder and 
cystic duct Though the hepatic divei ticulum is originally tubulai, the biliary 
passage tends to become solid, and it is not until the seventh w'eek that a 
lumen has been reestablished throughout most of its length Thus, failure of 
the gallbladder anlagen to form, or, as Gross^ suggests, failure of the solid 
anlagen to become tubulai, would result in an absent gallbladder Miller” 
presents stiong evidence that the lumen ma} sometimes fail to form, as he 
demonstrated tubulai tissue 111 the hepatoduodenal ligament 

In oui review' of the liteiature we found many case repoits to be incom- 
plete and a few w ere available to us only in abstract form An analysis of the 
data w'lth respect to age and sex, symptoms, preoperative diagnosis, whether 
found at operation or autopsy, and attempts to prove an intrahepatic gall- 
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bladder was made Tins material was obtained from a total of 71 cases, 34 of 
which weie reported from surgical procedures while 38 were autopsy reports — 
one case appearing in both senes 

The average age of all cases reported was 46 years at the time of dis- 
covery Females were twice as frequent as males m the entire senes These 
figures agree with those of Melville However, when viewed as to autopsy 
01 operative reports, the ratio in autopsied specimens is one to one, while those 
operated upon have a three and three-teitths to one ratio This would tend to 
show that occuri ence of the anomaly has little relation to sex , but that symp- 
toms piovoking exploration of the biliary tree in this entity follow the same 
sex ratio as does all surgical biliary disease 

Of the 71 cases 34 gave histones indicating biliary tract disease Due to 
the brevity and mcompleteness of the earlier jeports, this analysis is not nec- 
essaril}’- valid 

Of the 34 cases (Table I) opeiated upon, the preoperative diagnosis in 13 
cases was cholecystitis, in eight it was obstruction of the common bile duct, 
five cases were listed only as exploratoiy celiotomies, four w'ere found inci- 
dental to operations for nonassociated intra-abdominal pathology , and in four 
cases a preoperative diagnosis w’as not recorded 

In the series upon whom operations w'ere pei formed, the gallbladder w-as 
reported as absent in all 34 cases, w'hile the c}stic duct w'as reported absent 
onl}’- 15 times Twent3'-one reports noted the condition of the common duct, 
It being dilated ii times, containing stones in ii and appearing normal in 
seven The liver w'as described 13 times In three cases it was atrophic, in 
tw'o, hypertrophic, and m tw'o repoi ts anomalies w ere cited — one being a large 
Riedel lobe and the other a complete absence of the left lobe 

In the series w'here the gallbladder was found to be congenitally absent at 
postmortem examination (Table II), the cystic duct w'as recorded as absent in 
18 cases , the common duct as dilated in four cases, containing stones in only 
one case , and as normal in seven instances Ten cases exhibited a pathologic 
liver, seven of the atrophic variety, and three of the hypei trophic type Four 
reports noted anomalies of the liver In two the quadrate lobe w^as indistinct, 
while m a third case the quadrate lobe w'as absent The remaining case 
exhibited nonseparation of the liver lobes 

Visualization of the gallbladder by cholecystograms w^as attempted in 12 
instances In seveial patients the attempt was repeated using different methods 
of administration of the dye All failed to be visualized 

In one autopsy specimen (MackinulF^ — 1930) and tw^o postoperative 
patients (Drenckhahn and Rogers^- — 1943, and Dixon and Lichtman^ — 
1945), the biliary trees w^ere injected, via the common duct, wuth radiopaque 
material in an attempt to visualize an intrahepatic gallbladder if present All 
failed to reveal a shadow' which could be interpreted as a gallbladder 

CASE REPORTS 

Case 1 — Airs R A , a S2-vear-old white female, was admitted to Wesle3 Memorial 
Hospital, September 13, 194S, because of se\ere cramping pain in the epigastrium, nausea, 
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LATIMER, MENDEZ AND HAGE 


Anmls of Surgery 
VUKUSl 1947 


h\er function test revealed on!)' 03241 Gni of hippunc acid rccoveied, compared to 05 
Gm, or more, for the normal This figure indicates considerable Iner damage— a con- 
clusion supported b) gross examination of the li\cr at operation The electrocardiogram, 
taken September I4tb, showed changes interpreted as minimal evidence of myocardia’ 
damage A plain film of the abdomen revealed no evidence of opaque biliary calculi The 
right diaphragm was elevated An upper gastro-intestinal tract roentgenologic study 
revealed no evidence of intrinsic pathology 

With a piovisional diagnosis of cholelithiasis and obstruction of the common duct 
the patient was prepared for operation The preoperative management consisted chicflv 



Fig 2 — Cholangiogram of Case i 
NOTE The roentgenogram has been retouched for sake of 
clarity The extia coil of the externa! limb of the “T”-tube has 
been obliterated 


of a high carboh) drate-high protein-lovv fat diet plus ten mg dail) of intramuscular vita- 
min K Following this regimen the patient’s prothrombin time was 24 seconds, the 
control being 25 seconds 

On September 22nd, using spinal anesthesia, the patient was operated upon The 
liver was atrophic, nodular, yellovv-biown m color, with streaks of scar tissue between 
the nodules No gallbladder could be seen The stomach was normal, as was the head 
of the pancreas The duodenum was adherent to the liver and common duct The com- 
mon duct was markedly enlarged, being approximate!) three centimeters in diameter 
(Fig i) “White bile” was obtained from the common duct by aspiration A large 
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stone, approximately two centimeters m diameter, could be palpated m the region of the 
ampul/a of Vater The extrahepatic ducts were thoroughly searched, but no structure 
resembling a gallbladder oi cystic duct was discernible 

The stone was removed, and a “T”-tube inserted into the common duct after care- 
fully probing the right and left hepatic duct 

A cholangiogram, October 3, 1945, show'ed the common duct to be patent, as the 
radiopaque material flow'ed into the duodenum No structures resembling cystic duct or 
gallbladder were seen (Fig 2) The patient was discharged from the hospital on the 
17th postoperative day, having made an uneventful recovery Following removal of the 
“T”-tube, cholec} stography was attempted bj the oral method, on November 23rd, to 
further rule out the possibilitv of an intrahepatic gallbladder, but no such structure was 
\ isuahzed 

Case 2 — Through the courtesj of Dr J A Shacter, w^e are reporting a second case 
of congenital absence of the gallbladder On March 20, 1946, Mrs M P entered Wesley 
Memorial Hospital complaining of pain in the right upper quadrant, and an intolerance 
to greasy foods These symptoms had been constantly present during the past three 
>ears, but the patient also stated that even as a small child she w'as unable to eat the 
high-fat diet of her family table The pain began as epigastric distress gradually increas- 
ing in severity The onset was in the late evening with the pain lasting 12 to 48 hours 
Bicarbonate of soda gave only partial relief Nausea, belching, and flatulence accompanied 
these episodes A weight loss of ten pounds in the past six months was noted The past 
history revealed an appendicectomy had been performed in 1928 The patient had been 
pregnant 13 times, and had been delivered of six living children On physical examina- 
tion, this 62-year-old white woman appeared to be in no apparent distress Blood pres- 
sure 140/90, normal pulse A few' small, nontender lymph nodes were palpated in the 
left submaxillary area The heart was of normal size, shape, and rhythm The abdomen 
was obese, with a right lower quadrant scar There w'as no tenderness or rigidity, and 
no masses or viscera w'ere palpable 

The urine was normal The erythrocyte count was 4,710,000 cells per cm, and the 
hemoglobin w'as 14 Gm per 100 cc The leukocyte count was 6,050 cells per cm , and 

the blood Wassermann was negative An oral hippunc acid test w'as w'lthin normal 

limits The nonprotem nitrogen w'as 44 7 mg per 100 cc of blood The total proteins 

were 705 Gm per 100 cc , w'lth the albumin and globulin fractions 370 Gm and 335 

Gm , respectively Cholecystograms, made elsewhere, failed to visualize the gallbladder 
The prothrombin time w'as within normal limits 

A preoperative diagnosis of chronic cholecystitis was made, and the patient operated 
upon on March 25, 1946 Careful inspection of the entire inferior surface of the liver 
failed to reveal a gallbladder A small accessory liver lobe, 5x4 cm , was found at 
about the normal site of the gallbladder The entire inferior and superior surface of the 
liver was readily palpated Inspection of the liver surface itself failed to reveal w'hat 
might have been a gallbladder buried w'lthin the liver substance No cystic duct was found 
Since the common duct w'as not opened, a “T”-tube w'as not utilized in an attempt to 
visualize an intrahepatic gallbladder 

Case 3 — Mrs M W , a patient of Dr Paul Rhoads and Dr Arthur Metz, entered 
Weslej Memorial Hospital Maj 16, 1946 She complained of yellow color of the skin, 
intense itching, nausea, and malaise, all of four w’eeks duration Although she had been 
troubled w ith “biliousness” for many years, the first right upper abdominal colic occurred 
in Maj', 193S This episode subsided, and the patient was symptom-free until April, 1946, 
at W'hich time a painless jaundice was noticed The inventory of sj stems revealed selective 
dyspepsia to fatty foods, clay-colored stools, and dark-colored urine 

On physical examination, this 6o-> ear-old, white female, appeared deeply jaundiced 
and superficial excoriations of the skin vv ere noted Except for an old right lower quadrant 
scar (removal of suppurative appendix and drainage of abscess in 1938), the onl> positive 
physical findings were those mentioned above 
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Tlic laboiatoij' reported a nounal blood count and btinoglobin level The unne was 
daik in color, with tnobilinogen present on se\era! oetasions 'J lie sto<ais were tlay-eolored 
and positnc for oeenlt blood The leteiie indc\ was 148 units, with a four plus prompt 
van den Bergh reaefion On admission, the prothronibin tunc w'as ^o seconds, w’lth 2 ^ 
seconds foi the control hollowing \itaimn K therapy the jirothrombin returned to 20 
seconds, w'lth a control of 20 sccoikIs 1 he albumin-globulin ratio was reversed An upper 
gastro-intestinal studj rerealed no intnnsie patholog), and the electrocardiogram was 
within normal limits 

A preoperative diagnosis of neoplasm nnohing the c\trahepatic biharj system was 
made At operation. May 23rd, a thorough search failed to reveal a gallbladder or cistic 
duct The e\trahepatic ducts w'cre slightlj enlarged and very firm, as if invaded bj a new 
growth The pancreas appeared normal except for evidence of passive congestion The 
surgical impression was primarv neoplasm invading the common and hepatic bile ducts 
Absence of the gallbladder and cvstic duct was a coincidental finding Since the common 
bile duct was not incised, cliolangiograms were not possible 

CoMMCNi For evident leasons, a pieoperative diagnosis of congenital 
absence of the gallbladder is exti eniely difficult, if not impossible This fact is 
well illustrated in our survey by the ratio of cases found at autopsy to those 
discovered at suigery Theie is no group of symptoms or signs which are of 
value in making such a diagnosis Roentgenographic visualization of the biliary 
tract is the most accurate diagnostic method know n at present The accuracy 
of this test, wdien properly conducted, is about 90 to 95 per cent However, 
w'hen this method fails to produce any shadow whatsovei, congenital absence 
of the gallbladdei is so rare that such a condition is not suspected, there being 
no reported case of the diagnosis made before opeiation 01 postmortem 
examination 

Should stiigical procedure fail to leveal the gallbladder m 01 about its 
normal location, the presence of an intrahepatic location of this viscus should 
be ruled out This can best be done, we believe, by i etrograde cholangiography 
Such piocedure was repoited m only tlnee cases m the literature MackmulF^ 
injected acadavei specimen, while Drenckhahn and Rogeis,^' and Dixon and 
Lichtman"’ illustiated the use of this method in the patient This procedure 
of retrogiade visualization of the biliaiy tiee was earned out m one of the 
cases satisfactoi ily, and no evidence of the gallbladder or cystic duct w as seen 
Kehr mentions needling the hvei and aspirating bile as proof of an intiehepatic 
VISCUS We agree with Talmadge'’ who contends that aspiration of bile fiom 
the liver does not prove the presence of an mtiahepatic gallbladdei, inasmuch 
as bile may be aspirated from a dilated intrahepatic bile duct 

SXJMJOVRY 

1 The literature pei taming to congenitally absent gallbladder is rev lew ed 

2 A total of 71 cases of congenital absence of the gallbladder were review'ed 
and analyzed, 34 at operation and 38 at autopsy-— one case appearing in 
both senes 

3 We present thiee additional surgical case repoits of congenital absence 
of the gallbladder The absence of an intrahepatic gallbladdei w'as pi oven by 
cholangiography m one case 
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THE EFFECT OF ROTATION ON THE CIRCULATION 
OF THE LOWER EXTREMITIES 

Herman E Pearse, M D , and Paul R Schloerb, M D 
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SCHOOL OF MEDICINE AND DENTISTRA ROCHESTER NEW VORK 

Experiments in aviation medicine with the “human centrifuge” pro- 
duced inaiked changes in cardiovascular function This suggested that centri- 
fugal force might be used to diive blood through partially occluded arteries, 
and so increase the circulation to the lower extremities m cases of peripheial 
vascular disease This was discussed with Mr Caleb Smith, an engineer and 
inventor of Seneca Falls, N Y , and he agreed to build the necessaiy appaiatus 
foi us to test this hypothesis 


method 

The appaiatus consisted of a chair (Fig i), i evolved by a i H P electric 
motoi, and a Worthington “all-speed” drive, so that the speed could be vaiied 
fiom o to 6o RPM Construction was such that the pivot could be leleased to 
balance the subject under static conditions by means of counterweights This 
gave dynamic balance during lotation It is appaient that in such a centrifugal 
force experiment the column of venous blood will be acted upon by the same 
force as the arterial supply, with lesultant venous stasis and inci eased capillaiy 
piessure If this peisists, it may result in the accumulation of extracellulai 
fluid To counteract venous pooling, the chan was made to tip at lest, so that 
the feet might be elevated (Fig 2), thus, alternating a peiiod of lotation with 
one of elevation 

Dizziness was an obvious disadvantage of such a piocedure, so, to minimize 
it, the head was placed at the pivot point, and the mechanism was designed to 
control the rate of acceleration and deceleration 

It was difficult to decide how to test foi ciiculatoiy change undei the 
conditions of such an experiment Plethysmogi aphic measurements would 
record only volume changes, which might be misleading due to venous stasis 
Capillary microscopy appeared impractical Temperatuie leadings during 
rotation presumably would be altered by an cunents and the cooling efiect of 
evaporation of sweat It was felt, however, that if significant changes weie 
produced, they could be recorded by skin temperature readings taken befoie 
and after rotation A “deimatherm” wire thermocouple was used for these 
Preliminary experiments to determine the optimum conditions, such as 
speed of rotation, time of rotation, time of elevation of extremities, degree of 
nausea and vertigo, and effect of an cooling on the exposed foot m ere carried 
out It was found that covering the foot with an oilskin bag during rotation 
produced no significant change, hence, this was omitted in later runs 

Two sets of experiments were undei taken In the first, the subject was 
lotated at 36 and at 48 RPM foi one minute, the chan was tilted up after each 

243 



PEARSE AND SCHLOERB <>' 

August 1847 

lotation, and skin temperatmes lecoided at minute intervals thereafter In 
the second series, the subject was alternately rotated at 48 RPM foi two min- 
utes and his legs elevated for one minute for a total of five times 

Skin temperature readings w'eie taken fiom the plantai surface of the gieat 
toe m the fiist senes and, in addition, fiom the plantar surface of the foot in 
the second series The room temperatuie w'as kept constant at 68°-70°F The 
17 tested subjects w'eie noimal young males 

RESULTS 

In five cases the subjects were unable to tolerate the procedure, and the 
numbei of alternate rotations had to be 1 educed accordingly In the fiist senes 



Fig I — ^The revolving chair used in experiments to test the effect of centrifugal 
force on the peripheral circulation The centering of the head over the pivot, the counter- 
weights, and the driving mechanism are shown 


a slight mciease m skin temperatuie was noted m foui runs, and a slight 
decrease m two With alternate rotation and elevation the tempeiatuie of the 
great toe increased slightly (i 6°C or less) 111 five tests and decreased slightly 
(2 3°C or less) in four, while the foot tempeiatuie inci eased (3 3°C or less) 
in seven and decreased (i 5°C or less) in tw'O 

Nausea and vertigo w'eie, as expected, found to be functions of the lates ot 
acceleration and deceleration In all cases these symptoms were piesent to a 
greatei or lesser degree, and m five subjects it w'as necessary to curtail the 
experiment for these leasons Foot cramps and tingling w’eie common com- 
plaints, which W'eie thought to be due to venous stasis 01 the presence of extia- 
cellular fluid Theie were tw'o cases of fiank edema In the first the subject 
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\\as iinusuall}'' tall (6 ft 45 ms ) and, hence, was subjected to increased cen- 
trifugal force, while m the second case, the subject was spun for ten minutes 
continuously 

The pulse rate, taken during and aftei rotation, did not leveal constant 01 
unusual variation 

Comment It is apparent from these lesults that significant tempeiatuie 
changes uere not produced by the methods employed This is interpreted to 
mean that no appreciable mciease occuired in the circulation The vasomotoi 
eftect of labyrinthine reflexes, or apprehension, may have played a part but weie 



Fig 2 — The chair tilted back so that the feet may be elevated The usual sequence 
was a period of rotation at 48 RPM for tw'O minutes, alternating with one minute of 
elevating the feet at rest, to avoid venous pooling 


not apparent The occurrence of edema was obviously undesirable In view of 
this, and other disagreeable side effects, and with negative results, it was deemed 
umvise to subject patients to the procedure It is lecorded only in order that 
otheis may be spaied the expense and trouble of testing the hypothesis. 

SUMMARY 

Subjects Mere rotated in a specially designed revolving chair for varied 
periods and at varied RPM for the purpose of determining the effect of centri- 
fugal force on the circulation of the lower extremity as measured by change in 
skin temperature 

The results obtained reveal that no significant improvement of the circula- 
tion of the lower extremit)' is produced by this method This, combined with 
the undesirable side-effects of vertigo, nausea, and occasional edema of the 
extremities, makes it unsatisfactory for clinical trial 
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SPONTANEOUS ILEOCOLIC FISTULA 
A COMPLICATION OF CARCINOMA 

C\sn REPORT 

Vincent J Vinci, M D , Christie E McLeod, M D , 

AND Louis 0 L\Bell\, M D 

Middlftow X, Coxj, f cTic.ua 

En rEROCOLic risiULA IS an uncommon, but not rare complication of 
carcinoma of the gastro-intestma! tract A leview of the literature reveals 
that most cases^’ -> ‘ uere studied eithei late in the progress of the disease or 
at autopsy The piesent case is leported to show that this complication may 
occur while the patient is still operable, a point brought out in recent reports 
by Catell and Mosely ‘ 

Fistula foimation, acute or chionic, may be produced by various etiologic 
factois The more common is tlie benign ulceration as seen m the gastrojejuno- 
cohc fistula A second etiologic factor is trauma, due eitliei to operation or to 
accidental injury Carcinoma of the large bowel, a third factor, characteristi- 
cally invades all layeis, including the serosa The neoplasm may then extend 
directly into any adjacent organ, ulcerate and, thus, foim a fistula On the 
othei hand, the ulceration may fiist occur m the carcinomatous lesion causing 
a slow' perfoiation An adjacent organ, such as the ileum, may then form a 
block for the perforation The ulceration continues and the neoplastic tissue 
invades the small bowel, thus, forming a malignant ileocolic fistula 

One of the outstanding findings in the study of these cases has been tlie 
occuirence of a distinct anemia Baiker and Hummel,' in a detailed study of 
macrocytic anemia in association with intestinal strictures and anastomosis 
concluded that the disease is a distinct entity and not a simple coincidence of 
“idiopathic” pernicious anemia and an intestinal lesion They suggest the 
pathogenesis to be intimately bound up with stasis and jiuti efication of the 
intestinal contents resulting in absorption of toxic substances Surgical 
removal results in a cure, but intensive hvei tlieiapy may bung about clinical 
and hematologic improvement in some cases 

Roentgenologic examinations appear to be the most effective and reliable 
means of detecting the lesion In many cases a loutine study of the uppei 
gastro-intestinal tract w ill not reveal any defect In most instances the bai luin 
enema is most conclusive, and it is suggested that the insuffiation of air into 
the colon or the double contrast enema be used 

The follow'ing case of spontaneous ileocolic fistula caused by caicmoma of 
descending colon is presented 

Case Report — J C , a 47-j ear-old w'hite male, entered the Veterans’ Hospital, 
Rocky Hill, Conn , June iS, 1946, complaining of “pain beneath his shoulder blades and 
attacks of rectal bleeding and diarrhea” of approximatelj nine months’ duration He had 
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Fig I —Roentgenogram illustrating the direct anas- Fig 2 —Specimen removed at operation— combined resection of 

tomosis between the descending colon and ileum Diver- ileum and colon for ileocolic fistula complicating carcinoma of the 

ticula of tlic descending colon are noted at the site of colon The probe is inserted into the fistula thiough the ileal open- 

the anastomosis mg Note the size of the opening and the border of neoplastic tissue 
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lost 45 pounds, felt dizzy and w eak, and had slight dyspnea Se\ cn months before admis 
Sion, a gastro-mtcstinal senes and an air enema had been done by his local phjsician 
Diverticula of the colon were found and it was thought, at that time, that the diverticula 
caused his bleeding and diarrhea His past history was essentially negative except for 
an appendiccctomy performed in 1942 

Plnsical examination on admission revealed a thin, poorlv nourished white male 
There was a marked pallor to his skin, but his checks were flushed On palpation, there 



Fig 3 — Same specimen as Figure 2, showing the probe 
inserted into the fistula through opening in the descending 
colon 


was a suggestion of a mass in the left side of the abdomen but this was difficult to 
evaluate because of the tenderness and pain of which the patient complained The 
examination was otherwise normal 

Labomtory Data — ^Urinalysis — negative Mazzini — negative Sputum— negativ e 
Daily blood counts revealed a macrocytic hvpochromic anemia, with an average of 29 
million red blood cells, and 45 per cent hemoglobin 

Roentgenologic Findings — ^Examination revealed a neoplasm in the region of the 
middle third of the descending colon There was a direct communication between large 
and small bowel at the site of the obstruction (Fig i) 

Pi eoperatwe Treatment —1 Whole blood transfusions (five) 2 Concentrated vita- 
mins intramuscularly 3 High protein (Amigen), High carbolndrate diet 4 Iron and 
liver therapy 5 Sulfasuxidine 6 Purgatives and cleansing enemata 7 Miller- Abbott 
tube passed before operation 
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Opaaiivc Findvigs and Tcchmc — (Figs 2 and 3) At operation (7-30-’46) a large 
mass was found at the nudpoition of the descending colon A loop of ilcum was 
intimately attached to the laige bowel These lay parallel and were bound togethei m 
a side-to-sidc pathologic anastomosis, measuring 2 eiu in diameter Exploration revealed 
no other gross findings of note 1 he lesion was removed in tola to preserve the anasto- 
mosis Bowel continuity was reestablished by a side-to-side anastomosis of the ileum and 
an end-to-end anastomosis of the descending colon A complementary cecostomy was 
performed Postoperatively, the patient w'as given sulfadiazine and penicillin 

The microscopic report (Fig 4) was that of adenocarcinoma of the large bowel 
Grade II, with extension into the ileum, and the formation of a pathologic anastomosis 
The Ijmphatics sectioned showed no tumor cells 



Fig 4 — Microphotograph of block of tissue taken from the border of 
the fistula, showing normal ileal mucosa at the right, wuth imasion of neo- 
plastic glands from a primary adenocarcinoma of the colon (Hematoxylin 
and eosm stain x 125) 


Progress — The postoperative course was uneventful except for a small amount of 
drainage from a fecal fistula, which cleared up in a short time Three and one-half months 
following operation he had gained 18 lbs , his hemoglobin was 82 per cent, and red blood 
count 442 million On the most recent follow'-up note, ii-i2-’46, he states that he has 
no complaints and is doing part time work 

The patient reported to us June loth His w'Cight is 190 lbs The blood count is 
5,000,000 red blood cells and hemoglobin 90 per cent A repeat G I series was 
performed and show’ed no abnormal findings He has no complaints and is back to full 
time work 

CoMsiEN’T There are several interesting findings in this case Wheieas, 
a review of the literature w oulcl lead one to expect a macrocytic In perchromic 
Upe of anemia, this patient presented a macroc\tic Inpochromic t}pe The 
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explanation of this pi oliably lies in the fact that the patient lost a considerable 
amount of blood dining his episodes of bloody diairhea Despite the admiii- 
istiation of five whole blood transfusions before operation, there was little 
appieciable impiovement in the blood picture However, after operation the 
blood picture lapidly returned to normal 

Bloody diaiihea is moie commonly associated with malignancy than with 
diveiticula, and should be thoioughl) investigated before a definite diagnosis 
IS established 

The pievious opeiation (appendicectomj ) is not a contributing etiologic 
factor because theie were no adhesions found neai the ileocecal junction The 
pait mvohed in the fistula foimation was the midpoition of the ileum 

bUMM \in 

A case of combined resection of a poition of ileum and colon for an ileocolic 
fistula due to malignant disease has been piesented This case demonstrates 
the fact that this complication niaj occur before the malignant disease has pro- 
duced widespiead metastasis and, theiefoie, combined lesection is feasible and 
ina} pi oduce a cure 
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ACUTE INTESTINAL OBSTRUCTION DUE TO 
ORANGE PULP BEZOAR 

Carl F Baumeister, M D , 

AND 
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This case report is being made because a careful search of the liteiatuie 
fails to leveal any other case of acute intestinal obstiuction due to such a 
cause This was a case of acute intestinal obstruction due to the lapid inges- 
tion of five flesh Florida oranges While oidinarily this might have caused 
no difhciilty, the present case had a dumping-stomach following gastric resec- 
tion and a Polya-anastomosis Appaiently, oiange pulp was retained in the 
stomach and formed a hezoar When finally expelled into the jejunum it was 
small enough to pass, hut on ariivmg at the ileum, wduch is smallei m 
diametei, it produced obstruction 

Phytobezoai s, composed of vegetable fibers, comprise about 40 pei cent 
of the repoited cases of hezoars They aie made up of stems, skins, fibers, or 
seeds, in the meshes of which may be included othei food and epithelial 
detritus Pyloric obstruction seems to be a piedisposmg factor Rapidity of 
ingestion is important, bezoais probably being formed at one time, since no 
layers of accretion are found 

Persimmon seeds lead the list of etiologic agents, making-up the offending 
fibers 111 75 per cent of the cases Othei substances reported are skins and 
seeds of prunes, plums, dried peaches or raisins , celery , cocoanut fiber and 
tobacco 

To have intestinal obstiuction due to a phytobezoar is rare Recently, 
however, three case reports have come from England of intestinal obstruction 
due to phytobezoars composed of dried peach 

Case Report — No 66915 Mr E S was admitted to the Hospital on 2-2o-’46 at 
7 20 p M The patient had aw'akened on the day of admission with colicky pains through- 
out the abdomen The pains gradually increased as the day wore on, and had begun to 
localize in the right lower quadrant of the abdomen for approximately two hours prior 
to admission A white blood count done at this time showed 9,200, with 75 per cent polys 
By noon the patient had vomited only once He had had two bowel movements during 
the day, one at 8 00 a m , and one at ii 00 a m Nothing abnormal was noted about the 
movements, excepting that the cramps w'ere aggravated following the bowel movement 
and there was an almost constant desire to go to stool By 7 o’clock that evening, the 
patient was in considerable pain The pain had localized quite well in the right lower 
quadrant of the abdomen Temperature 99°F, pulse 90 There was two-plus rigiditj 
of the lower abdomen, chief!}’- on the right side There was tenderness over AIcBurney’s 
point as w'ell as rebound tenderness Rectal examination was essentially negative The 
patient had the scar of a previous gastric resection and a Polja-anastomosis, which was 
done for a recurrent peptic ulcer m 1940 The remainder of the examination was 
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essentially ucgatne Picopcialivc Diagnovs First, acute apiieiiclicitis , sccoiidarj possi- 
bilitj, perforating peptic ulcei 

Operaiton — Di Robeit Bruee Alaleolni Incision was made o\ei the lower light 
leetiis riic imisclc was displaced lateially and upon opening the peritoneal cavity, there 
was cneountci ed a considerable ainmint of slightly blood-tinged fluid This fluid did 
not suggest the apiicaraiice of a perforation The appendix was then located, exposed, 
and found to be normal, aside from its extreme length Exploration of the upper abdomen 
show'ed that the gastio-ciiterostoniy was apparent!) functioning well There was no evi- 
dence of a perforation On exploring the pelvis, a loop of ileum was brought up which 
W'as found to be markedly enlarged, grcjish m appearance and about twice the normal 
caliber This looked like a fibroma, but an incision made longitudinally on the antimeseii- 
tenc border disclosed a mass which, wdicn extruded, w’as found to consist of orange pulp 
After further exploration the bowel was sewed w'lth two lavers of sutures and replaced 
The appendix was lemoeed The abdominal wall was closed in hjers without drainage 
The patient had an essentiallv uneiciitful postoperatn e course 

SUMM vn\ 

A case of intestinal obstruction due to oi ange pulp is repoi ted, w Inch case 
IS belieted to be first of its kind in the hteiatuie 
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MANAGEMENT OF COLOSTOMIES PERFORMED FOR 

^^^AR INJURIES 

Hall, G Holder, M D 

Sax Difgo, CAiironxiA 


AND 

Edward F LE\MfeON, M D 

Baltiaiore, MaRA'LVXD 

Thc puuposi: of this communication is to repoit the experience with 67 
colostomy cases in an Army hospital in England, and to draw' a parallel 
betw een this experience and the trend of colon surgery m civilian pi actice 
Closure of colostomies in w'ai casualties presented many difficulties not 
encounteied in civilian practice Fust among these were the patients with 
multiple injuries Such injuries frequently pioduced supeiimposed infections, 
concurrent sepsis, impairment of vital organs, and general debility, all of 
which made the definitive surgery moie hazaidous Secondly, the initial sur- 
geiy w'as peifoimed by surgeons in the forwaid aiea under difficult conditions 
so that the exact construction of the colostomy was often not clear to those 
who had to do the subsequent reparative work 

PRIAIVRY SURGERY 

The primary operative procedure recommended in injuries to the colon 
was simple exteiioi ization through muscle-splitting incisions along the course 
of the colon except in wounds of the rectosigmoid and the rectum where 
pioximal loop-colostomy was recommended if the wound in the bowel could 
be closed If not, complete diversion of the fecal stieam was to be practiced 
In general, these procedures best served the necessity for immediate exclusion 
of the mjuied segment fiom the peritoneal cavity and foi the control of con- 
tamination by the pathogenic bacteria piesent in the bowel In addition, these 
patients received parenteral penicillin and sulfa drugs (the latter lioth mtra- 
pei itoneally and parenteralh ) during the postoperative course 

Each under the somewhat prniiitue conditions at the front plnsiologic 
balance in these patients was carefulh restored preoperativeh b\ the admin- 
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Jbliatioii of whole blood, plasma, and solutions of electrolytes This phase 
represents one of the gieat advances of war surgery Much of the credit for 
mortality reduction m combat-wounded must go to the forward surgeons who 
not only did skillful emergency surgery but also practiced energetic resus- 
citation 


ANALVSIS OF MATERIAL 

Mateiial foi this piesentation was collected ovei appioximately one jeai 
in a General Hospital in England It is suniinaii^ed in Tables I and II 

Table I 


SITE or )NJUR\ IN 67 COLOSTOMY CASES 


Right colon 

13 

TransYcrsc colon 

9 

Left colon 

is 

Rectosigmoid 

37 

Rectum 

•f 

Total 

81 


It is quite apparent that at least 14 patients had multiple wounds since 
there was a total of 81 injuries in only 67 colostomy cases 

Table 11 


SITE OF COI OSTOMY IN 67 CASES 


Cecum 

11 

Right colon 

6 

Transverse colon 

9 

Left colon 

n 

Sigmoid colon 

30 

Total 

69 


An additional decompiessive cecostoniy was performed in tw'o patients 
who had left-sided colostomies, hence the apparent discrepancy in total 
numbei 

The types of colostomy seen at this hospital are classified in Table III 

Table 111 

TYPE OF COLOSTOMY 


Cecostomy 1 1 

Double barrel (Mikulicz) ‘52 

1 oop 1® 

Total 69 


Table III show's that there w'ere ii cecostomies and 58 colostomies Of 
the II cecostomies, fii'e w'ere complete exteiioiizations and seven were cathe- 
ter cecostomies The exterioiizations were laigely unnecessary In all but one 
case of extensive damage and loss of the cecal w'all, a catheter cecostomy aftei 
closure of the perforations w ould have been preferable 

The double-barrel colostomj' and the loop-colostomy were the types most 
frequently seen Too often they failed of the intended purpose or created 
troublesome complications foi the follow'ing reasons 
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(1) Muscle- splitting incisions containing bowel were placed too neai the 
costal margins or the iliac crests, with the production of osteomyelitis of these 
structui es 

(2) Colostomies were placed too near coexisting cystostomies 

(3) The colon was brought out through the exploratory incision and was 
not adequately mobilized This led to retraction of the stoma, infection of the 
abdominal wall, intrapentoneal sepsis, sinus formation, and w'ound dehiscence 
The error was particularly prevalent in colostomies of the transverse colon 
In retrospect, it would have been better in many cases to make a transverse 
exploratory incision at a lower level and to bung out the damaged segment 
through an intramuscular incision higher up If a vertical incision is to be 
used, the colonic loops should be brought out well laterally, for instance with 
the proximal loop on one side and the distal loop on the other The important 
thing IS to keep the colostomy away from the exploratory incision In civilian 
surgery this is not always necessary, or even desirable, because proper pre- 
cautions can be taken, but in war surgery the instructions were to remove the 
clamps immediately so that no colostomy could become obstructed through 
neglect With feces spilling over a fresh wound, infection is inevitable 

(4) Occasionally, missile wounds of entry or exit were used for the colo- 
stomy Such w^ounds invariably became infected and developed spreading 
cellulitis, adding to the difficulties of eventual reconstruction 

(5) In a few cases the loops of the Mikulicz colostomy had not been 
sufficiently mobilized so that the spur was too short, the bow^el retracted, and 
the loops became rotated and partially obstructed Blind crushing of such 
spurs is a particularly hazaidous procedure because it cannot be determined 
beforehand whether there is interposition of mesentery or adherence of loops 
of small intestine 

(6) Loop-colostomies were occasionally found with edema and necrosis 
underneath because of glass rods or heavy rubber tubing Such devices are no 
substitute for adequate mobilization of the loop In other cases the incision 
through which the bowel had been brought out was too small, with resultant 
constriction and partial dysfunction of the stoma 

(7) Some loop-colostoniies were found to have excessively large open- 
ings, often in the transverse axis of the bow^el rather than m the longitudinal 
axis Small wounds of the bow el that are incapable of being exteriorized (such 
as in the rectosigmoid) will heal satisfactorily if primary suture approximates 
the edges accurately and without tension Under such circumstances the 
proximal decompiessive colostomy wnth a small anti-mesentenc opening can 
be closed later by simple extrapentoneal suture 

(8) In wounds of the rectum and extensive w'ouiids of the rectosigmoid 
with associated injury to the bladder, the urethra, and the bony pelvis, com- 
plete diversion of the fecal stream must be accomplished Often the double- 
barrel colostoni} did not do this, so that a re\ ision had to be done later, with 
transverse section of the bow^el and separation of the stomata 
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(9) Diainagc of tlic i cti opei itoneal and the pelvic space was not always 
adecjuate oi it had been improperly established through the missile tract 
Sepsis m these spaces is especially intractable and debilitating 

nKCONsmucrivK suncisni 

The type of eolostom}' closui e u ill be seen in Table IV 


Table IV 

TV PE or COLOSTOMV CIOSURI 

Spur crushing 27 

Spur crushing with decompressive cccostomv 2 

End to end anastomosis 17 

Simple in\ ersion closu-e of loop stoimta 9 

Spontaneous closure S 

End to side mastomosis s\ it h resection of cecum 1 

Colostomj not closed 8 

Because of rectal wounds 4 

Because of recto-urinarj fistulae 2 

Because of rectal wounds with osteomjchtis of the ischium I 

Because of rectal wounds with oslcomv clitis of the ilium 1 

Total 69 


In general, these patients veie considered candidates for reconstructive 
surgery when they were in physiologic balance and when the wound infection 
was under control 

In the restoration of physiologic balance the important criteria are hypo- 
proteinemia and secondary anemia Both should be corrected before surgery 
IS undertaken 

In the treatment of the wound infection, the establishment of proper drain- 
age and the application of carbamide were consideied great time-savers Car- 
bamide IS a stiong Ijdic agent for deiutalized tissues w'lthout noticeable effect 
on the physiologic processes of w'ound healing It also deodorizes the dis- 
charges by the lemoval of the feeding giound of j^utrefactive organisms 
Before surgery was undertaken, the w'ound w'as rendered at least macro- 
scopically clean and the patient afebrile 

Following is a brief summary of the preoperative, the operative, and the 
l^ostoperative routine 

Pi eopoahve — (i) Proper preparation of the patient wuth blood and 
plasma, high-vitamin low'-residue diet, parenteral feeding, and supplementary 
vitamins 

(2) Roentgenologic^ sigmoidoscopic, and digital examination of the 
stoma, the colon, and the rectum 

(3) Low^-residue diet and 2 Gm of sulfaguanadine every four hours day 
and night for five da)’-s before operation Sulfasuxidine and sulfathalidine 
w^ere not available when tins w’^ork w^as done 

(4) Irrigations of both loops of the stoma the night before operation and 
again just before operation 

Opeiatwe — (i) Spinal anesthesia w'as used in all cases With the patient 
anesthetized, the area of the colostomy w'as cleaned wnth soap and water and 
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the usual skin preparation can led out Into each stoma a gauze tampon on a 
silk thread ^\as inserted 

(2) The incision encircled the stoma and included all scar tissue The 
bowel loops were dissected free from the suriounding structures, including the 
peritoneum The peritoneal canty was walled-off by warm saline packs The 
edges of the colonic stoma w ere freed from the rim of skin and scar tissue and 
the e\ erted cuff of bow el w as complete!} mobilized Adhesions w^alhng-off the 
peritoneal cavit} were disturbed as little as possible With careful preserva- 
tion of the mesenteric blood supply, an open or closed anastomosis w^as then 
carried out. depending on which was the easier Gauze tampons were removed 
before suturing started The initial suture w as oo chromic catgut, continuous , 
the final suture was fine cotton interrupted After removal of the celiotomy 
packs, the sutured bowel was then restored to the peritoneal cavity In cases 
with an adequate spur or simple loop-colostomy, extraperitoneal closuie w^as 
performed in the routine manner 

(3) Cr}stalhne sulfanilamide, lO Gm , was introduced into the wound and 
the adjacent peritoneal caMty 

(4) Wound closure was b} thi ough-and-through intenupted stainless 
steel wire sutures 

(5) The wound was drained by a small wick of rubber tissue down to 
the peritoneum or to the fascial aponeurosis 

Posfopetafwc — (i) Levin tube when necessar} for gastric and intestinal 
decompression 

(2) Penicillin and sulfadiazine for the first 72 hours The sulfadiazine 
was given by ^eln during the. first 48 hours, wdien the patient was unable to 
take fluids by mouth 

(3) Intravenous fluids, plasma and blood transfusion as indicated 

(4) Nothing b} mouth for 48 hours, followed by gradually increasing diet 

(5) Removal of the superficial dram after 48 hours and of the ware sutures 
on the 1 2th da} 

(6) Roentgenologic studies after three weeks 

REfeUL-TS OF COEOSTOJ^lY CLOSURES 

Table V records the results of 69 colostomy closures There w'as no evi- 
dence of postoperative peritonitis m any of these cases, and there w^ere no 
deaths The complications were as listed Otherwise all wounds healed pei 
pi imavi, and the patients w ere discharged as cured 

Table V 

RESULTS or COLOSTOMA Cl OSURF 

Satisfactorj 

Fecal fistula with spontaneous closure 
Roentgenographic e^^dence of narrowed bowel lumen 
Abdominal wall infection 
Unsatisfacton, 



Total 
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In five cases a fecal fistula developed which lasted for several days and 
closed spontaneously, without furthei trouble 

In seven patients, postoperative roentgenologic studies levealed a narrow- 
ing of the bowel lumen at the site of the anastomosis These patients were all 
asymptomatic and gai e no evidence of clinical obstruction Six of these had 



Fig I — Colostomy brought out through major celiotomy in- 
cision resulting m wound infection, scarring and weakness of the 
abdominal wall following closure 


been closed by crushing, and one by end-to-end anastomosis Because the 
roentgenologic examination vas made only four veeks after the operation, 
it is quite possible that reexamination at a latei date will show resolution 
of the narrowing 

Five patients developed superficial infection of the abdominal wall, mostly 
because of the omission of drainage Simple drainage of the abdominal wall 
effected cuies in all these patients in a short time 

‘ One patient was evacuated to the Zone of Interior with a persistent fecal 
fistula End-to-end anastomosis had been performed m this case, probably 
under tension and in the piesence of an extiapeiitoneal abscess 
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All of these patients ^^ele eithei rehabilitated at a convalescent hospital oi 
leturned to the Zone of Interioi fot final disposition 

Commi:ni — Tlie impoitant obseivation in this senes of cases was that 
the patients who had then colostomies closed by end-to-end anastomosis 
suffered less moibidity and had a shoitei convalescence than those who \wie 
tieated by the spur-crushing technic In oui patients, at any rate, end-to-end 



Fig 2 — Edema of colostomy stomata due to the presence of a 
glass rod beneath the openings over a prolonged period 

anastomosis of the colon pioved to be a safe piocedure without any evidence 
of the once-dreaded peritonitis 

This observation has a diiect beaiing on peace-time surgery Primary 
anastomosis of the colon is being practiced more and more Coder and 
Vaughan,^ for instance, report very gratifying results, and their conclusions 
are fully substantiated by our observations The only difference is that Coder 
and his associates adopted the technic as a primary procedure, whereas in our 
patients it was a secondar} piocedure the advantages of which were grad- 
ually realized 
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What has made colonic anastomosis relatively safe m recent years ^ 
Piobably a vaiiety of factors 

Modern chemotherapy must ceitamly be considered m this connection In 
om patients, both penicillin and sulfa drugs weie used, and it is our iinpies- 
sion that they were of distinct value The beneficial effect of penicillin on 
peiitonitis has lecently been stiessed again by Crile - As to the sulfa drugs 
111 the prepaiation of the colon foi suigeiy, ue had to use sulfaguanidine 



Fig 3 — Colostomy placed m shall-fragment wound of entry 
Abdominal wall infection was associated with a persistent purulent 
discharged from an infected sinus tract A stab wound incision was 
made to allow free and dependent drainage of the infected sinus 
tract 


because sulfasuxidine and sulfathalidme were not available to us This was 
unfortunate, because Potlff has recently reported that these newer drugs aie 
greatly superior to sulfaguanidine in then effect on the bacterial flora of 
the colon 

More important, perhaps, than chemotheiapy is operative technic Theie 
are two errors to be especially avoided an anastomosis undei tension , and an 
anastomosis with a compiomised blood supply In oui opinion, these factors 
were moie decisive than whether the open or the closed technic was used 
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Theoietically, the closed technic might be said to piedispose to the foimation 
of a diaphiagin at least if the inveiting sutuies aie too far awa}^ fiom the 
clamp, but it is mteiestmg to note m this senes that of the seven patients m 
vhom postopeiative i oentgenologic examination showed some nan owing at 
the site of anastomosis, six had had then colostomies closed by ciushmg and 
only one by diiect sutuie It seems, then, that if a caieful technic is used thete 
IS little to be feaied in this respect 

Lastl}, the tieatment of the geneial condition receives much moie em- 
phasis nov than foimerly and it is heie that the gieatest advances have been 
made Piacticall} all patients need blood, piotein, and vitamin therapy 
before they aie ready foi suigeiy Once this has been attended to, it is sur- 
piismg to see hou quickly they overcome their infections and how well 
then vounds heal 

But regal dless of vhethei it is because of bettei baetei lostatic drugs, bet- 
tei operative technic oi better understanding of the ph} siologic pi ocesses, the 
conclusion is the same In operations on the colon bacterial contamination is 
no longei the catastrophe that made suigeons formeily lesort to devious pro- 
cedures With proper precautions the colon can be made as safe foi direct 
anastomosis as the othei paits of the gastro-mtestinal tract It is one of the 
contributions of wai singer} to have undei scored that fact 
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MULTIPLE POLYPOSIS OF THE COLON WITH MALIGNANT 
CHANGE INVOLVING COLON AND APPENDIX 

CASE REPORT 

Bekn vrd Maisre, M D , and N Cir vndeeij Foot, M D 

New YonK, N Y 

I ROM THE SERGICAL DrPARTMCNT OF THE SEU VORJv HOSPITAL ANI> 

CORiNI LI UNIVERSITY MEDICM COLLEGE NEW YORK,'. Y 

Alj HOUGH examples of multiple polyposis of the colon are not rare and 
caicinomatous change often occurs in connection with them, involvement of 
the appendix is almost unheaul of The case to be reported here, presents all 
of these featuies 

Case Report — The patient, a female, age 35, was admitted to the Surgical Service 
ot the New York Hospital complaining of painful and bIood\ prolapse of the rectum 
ApproMinately four years prior to admission she became aware of the protrusion of a 
“small, soft, smooth growth" whenever she strained at defecation At first, this was 
readily reduced spontancoush , but after several montlis it became necessary to practise 
manual reduction, which w-as accompanied by great discomfort After a year’s time the 
mass protruded foui to five inches and seemed softer and more spongj than it had 
previously, bleeding continuously while it was prolapsed One iear ago, while seven 
months pregnant, the patient began to suflFcr from tenesmus and had 10 to 12 bowel 
movements daily Each descent of the mass was accompanied bj the loss of half a 
cupful of blood and an equal amount of mucus After the delivery of her child, she felt 
weak and tired, and wts found to hare lost about 25 pounds m weight She delayed 
applying for admission to the hospital foi some time because of domestic and financial 
difficulties 

Her familial and past history w'crc without anj bearing on hei present condition 
She had ahvays been frail , had rheumatic fevei at the age of iS, and at 21 had a 
thj roidectomy performed for hyperplastic goitei She had had five pregnancies and 
four normal deliveries After her third pregnancy she suffered from a moderate cy'stocele 
and rectocele and from moderate prolapse of the cervix Four years ago the cervix was 
amputated and tlie vaginal weakness repaired Hei last pregnancy was complicated b) 
phlebitis of the right lower extremity which left it the site of a persistent but moderate 
elephantiasis 

Physical EvaimmHon — The patient was a pale, thin, "worn-out” woman ivho appeared 
15 years older than her stated age Aside from the elephantiasis, just mentioned, and the 
p’-esence of moderate clubbing of the fingers which had been present for about 18 months, 
nothing of note was discovered on physical examination beyond those findings about to 
he described in connection w’lth the rectum 

The tone of the external sphincter w'as notably reduced and four to five fingers could 
1 eadily be introduced into the rectum, Yvhich was filled with soft, friable polypi that bled 
freely Upon straining, a segment of the rectal w'all 18 to 20 cm in length was protruded 
The snout-like protrusion, wdiich apparently comprised all the layers of the organ, was 
covered with innumerable small polypi of a bright red color (Fig i) Both the extrusion 
and replacement of this mass caused intense pain, and 150-200 cc of blood were dis- 
charged into the gauze dressing After the mass had been replaced, the patient usually 
was quite exhausted 

Laboratory Data —On admission, the hemoglobin was down to 8 Gm , the erythro- 
cytes to 3,100,000 the leukocytes w'ere 7500, wnth 76 per cent of polymorphonucleais, 
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and tlie serum pioteins were 5 Gm pci cent O'heiwise no significant findings were 
noted The barium enema was not entirelj satisfactory, but pohposis of the lectum and 
sigmoid was demonstrated and partially substantiated b\ proctoscopi Roentgenography 
demonstrated a single polypus in the splenic flexuie and many large polvpi were noted 
111 the hepatic flexure and its vicinity 

Com sc — The patient was treated by suppoitne measures, but 111 spite of a diet rich 
in vitamins, proteins and calories together with many transfusions of evhole blood and 
infusions of amino-acids, hei serum proteins had dropped m three weeks to 4 8 Gm per 
cent, the hemoglobin had incie?scd onK to to Gm and the er\throcytcs to 4,100,000 



Fig I — With the patient in the knee-chest position, after straining, a 
segment of the rectal wall, 18-20 cm in length, protruded The snout-like 
protrusion, which apparently comprised all the layers of the organ, was 
covered with innumerable small polvpi of a bright red color 


On her 23rd hospital da>, a loop-trans\erse colostomy was performed m the left hvpo- 
chondrium and after the stoma was completed, the rectum ivas occluded by means of a 
pyramidal dressing Moderate ascites was noted at this time By the 30th hospital day 
her serum proteins had begun to increase and were 5 8 Gm per cent 

On the 48th hospital day a polypus was excised from the splenic flexure, and 
biopsies \vere taken from those in the hepatic flexure through a sigmoidoscope introduced 
into the stoma of the colostomy The last were reported as “adenoma malignum ” The 
scrum proteins had risen to 6 3 Gm per cent, and the hemoglobin to 12 o Gm , the 
erythrocytes were 4,200,000 

First Majoi Operation-— In view of the patient’s notable improvement in physical 
condition, a right hemicolectomy and ileotransverse colostomy were carried out on the 
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71st hospital dav, an aseptic anastomosis being performed between the end of the ileum 
and the side of the transverse colon within lo cm of the open colostomy No ascites was 
present On palpation, the sigmoid contained polypi m the first 4 cm above the peritoneal 
reflexion 

Paihojogic Eiaiiiwaftou — Gioss — ^Thc specimen removed at this operation consisted 
of 7 cm of terminal ileum which opened into the ascending colon through a normal ileo- 
cecal valve, and of 37 cm of ascending colon Attached to the cecum was an enormous 
appendix of fusiform shape, which measured 14 cm in length and about 4 cm in general 
diameter It had the proportions of a gallbladder rather than ?n appendix Through the 



I 


Fig 2 — This photograph represents the cecum, appendix and part of 
the ascending colon (i) Stump of the ileum (2) Greatly enlarged and 
tumorous appendix (3) Mass of poij'pi in the cecum, with a lighter annular 
area at the center, which represents the cecal carcinoma (4) The largest of 
the malignant adenomas Note the occasional smaller polypi in the ascend- 
ing colon (right) 


walls of the colon and appendix one could feel boggj masses of neoplastic tissue, but tlicie 
w'as no infiltration of the parietes and the appearance of the external surface of the 
Mscera was not noticeablj" disarranged 

Upon opening the specimen it w’as found that the entire ascending colon and cecum 
were covered, on their internal surface, bj’' inniimeiable polypi of all sizes and shapes 
Many of them had long pedicles, sometimes 4 cm in length, others w^ere sessile, 01 
relatively so The heads of these polypi w’cre mostly red, papillary and berry-hke, and 
many of them W'ere obviously of the tvpe knowm as “adenoma malignum ” Nested in the 
fundus of the cecum and surrounding the ostium of the appendix there was a mass of 
much firmer, gra3'’er, fungating neoplastic tissue that was obviously malignant in nature 
Following the lumen of the appendix through the ostium it w’as found that there 
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^\as an umiuolved zone of normal-looking appendiceal nnicosa lining the constiicled neek 
of the organ Distal to this the appendix was dilated into a fusiform sac, with a ciicum- 
feiaice of 7 cm at its widest point Gi owing from the mucosa was a papillary tumor 
made up of innumerable coarse papillae, like those of a coxcomb, they arose fiom a 
linear pedicle 3 eni , 01 nioie, in length, about 8 mm in width and lunning longitudinally 
along the wall of the lumen in its middle third The tumor piojected fully 2 cm into the 
lumen from its linear origin on the mucosa It w'as soft, light grayish-browm and 
entirely unique in its appearance 

It is to be noted that there w'as no gross evidence of any physical connection betw'een 
the cecal and the appendiceal tumors (See Figure 2, gross specimen ) 

Mxaoscopic Examwat 10)1 —Sections from the cecal growth show'ed it to be a very 
malignant and rapidly growung carcinoma that was definitely invasive Sections from 
representative adenomas m the ascending colon show^ed the usual appearance of adenoma 
malignum Those taken from the appendiceal giow'th (Fig 3) revealed it to be similar 



Fig 3 — A field from the appendiceal carcinoma showing no close 
similarity to that from the cecal tumor It resembles “adenoma malignum” 
of the low'er intestinal tract and is fairly well-differentiated (x 140) 


III every respect to the malignant adenomas in the ascending colon It was not a frank 
adenocarcinoma like the tumor in the cecum (Fig 4) and obviously was quite independent 
of it It presented one unusual microscopic characteristic — its stroma was extremely rich 
in lymphoid tissue, possiblj”^, to be interpreted as a result of the normally far more 
abundant lymphoid tissue in the appendix 

Second Majo) Opoation — On her 80th hospital day the patient was subjected to a 
perineal resection of the polj'pus-beanng portion of her rectosigmoid, according to the 
method of Heuer This operation has not formally been described Briefly, the procedure 
IS as follow's An incision is made around the anus at the mucocutaneous junction The 
sphincter and muscle is carefully isolated and divided in the midlme posteriorly An inci- 
sion IS then made in the midline raphe beginning at the posterior border of the anus and 
carried backward to the junction of the cocej-'x and the sacrum The incision is carried into 
the depths, until the posterior wall of the rectum is brought into view' The coccyx is 
resected to permit a wider exposure Displacing the cut-ends of the sphincter am muscle 
lateral wards, the low'er rectum is freed from the \agina or prostate anteriorly and deliv- 
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ered postenoily into tin. wound Laterally, the levator am muscles attached to the rectum 
are divided By careful dissection posteriorly, laterally and anteriorly, the rectum is grad- 
ually delivered through the perineal w'ound and the reflection of the peritoneum brought 
into view The peritoneum is incised concentric with its attachment to the bowel and the 
peritoneal cavity opened With this step, and, particularly, if the patient has a long 
sigmoid loop, the sigmoid can be delivered through the perineum A point on the sigmoid 
above the level of the lesion is selected which is to form the new' anus and, at this point, 
the tissues making up the mesentery arc divided and the bowel cleanly isolated The 
peritoneum is reattached to the bowel at a higher level, closing the peritoneal cavity The 
kvdtor am muscles, if thev have not been too near the pelvic wall, are reattached to the 



Fig 4 — ^A field from the cecal carcinoma, which exhibits a multiacinar 
type of architecture, indicating considerable malignancy For comparison 
with the illustration of the appendiceal carcinoma (x 140) 


intestine Ihe segment of delivered mtestme is tlieii swung forward w'lthm the spluiicter 
am muscle, the divided ends of which are then sutured with silk The posterior wound is 
closed m layers with a rubber tissue dram placed m the pelvis along the curve of the 
sacrum The intestine is cut across at the lev'el of the skin and its cut-margins sutured 
to the skin as m the Whitehead operation It is to be emphasized that the bowel, as 
1 1 constructed, should not be under the slightest tension so as to avoid the tendency to 
retraction upwaid into the pelvis ' 

A minimal infection of the dorsal aspect of the wound developed after operation, but 
pioniptly cleaied under dakimzation The anal sphmcteric control remained satisfactory 
Specimen From Second Operation— Th\s consisted of a segment of rectum and sig- 
moid, measuring 18 cm m length and 12 4 cm in circumference (Fig 5) It is difficult 
to describe its appearance, as it was so thoroughly covered with polypi, of all sizes and 
shapes, that this would be unprofitable, the photograph is more informative The polypi 
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grew in three main clumps, or crops, each of them some 9 cm in axial and 7 cm in 
circumferential diameter They projected 5 cm into the lumen One bunch of tumors had 
a pedicle 5 cm in length, 2 cm m diameter and a cauliflower-like top, measuring 
7x5x6 cm 

Sections from representative polypi m this specimen showed them to be well-differen- 
tiated adenomas without any evidence of carcinomatous change Thus, they were dissim- 
ilrr from the growths in and about the cecum 



I 

Fig 5 — The rectum opened to show the polyposis of that organ The 
two masses at the lower margins of the specimen represent the bisected por- 
tions of one large malignant adenoma This was supported by a relatively 
tenuous pedicle 


Subsequent Course — The patient left the hospital on the iiSth day after admission, 
the transverse colostomy stoma having been closed on the 109th day She has been fol- 
lowed in the Out-patient Department for two months, has gained 15 pounds in weight, 
feels much stronger, and, more importantly, has one normal bowel movement daily Her 
anal sphincter is strong and effective, and there is no prolapse of the rectal mucosa She 
exercises her sphincter once daily by performing digital massage for five minutes, this 
has been her practice during the two months since her operation 

Discussion — When the patient entered the hospital it was evident that 
she was a poor surgical risk and was in no condition for an immediate opera- 
tion Attempts to replace lost tissue-fluids and serum proteins, employing 
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aniigen, whole blood and i^lasnia, weie futdc hctaust of the laige amount of 
l)lood and ])U)teins lost with each inovcmcnt ol the bowels A trans\ersc 
colostoni}', as a fiist piocedine, placed the iccliiin at lest and impioved the 
patient while it also pei nutted the icniocal of pohpi fioiii the splenic and 
hepatic flexiiies loi niicioscopic stud} Inasnnich as theie was a leasonable 
suspicion of cancel in the ascending colon and since repeated biopsies of the 
rectal lesions weie reported as nonmalignant, the foimer was attacked first 
Caieftil preoperative prepaiation had cleared the ascites that existed at the 
tune of admission 

The lesected specimen levealed multiple polypi, both malignant and non- 
mahgnant, as well as a full-blowm caicmoma of the cecum, m addition, a 
malignant adenoma of the appendix was found This is unheard ot m oui 
experience 

Despite the pioximity of the anastomosis of ileum and transveise colon to 
the left colostomy, movements of the bowels were conti oiled by means of a low 
residue diet and the administiation of salts of bismuth 

A pel ineal-t} pe of resection of the lectum and lowei sigmoid, with preset - 
vation of the anal sphincter, was selected as the opeiation of choice in connec- 
tion wuth her rectal lesions, as it W'as evident that the sigmoid was ledundant 
and could be pulled dowm easily and the pol} pus-bearmg area involved onl) 
the distal end of that segment of the colon As biopsies from the polypi m this 
region invariably show^ed nonmalignant lesions, this type of opeiation was 
thought to be best calculated to overcome tlie patient’s lectal s}mptoms and 
restore normal function Whethei the lectal prolapse was attributable to 
trauma to the sphincter duiing her seveial piegnancies oi w'hether the polypoid 
mucosa acted as an intussusceptum and, thus, produced extuision is not clear 
Certainly, the fact that she had had a large lectocele and cystocele lepaired 
and her cervix amputated, because of ceivical piolapse, wmuld suggest that 
weakness of the anal sphincter developed first, to be followed by chronic 
irritation and the pioduction of multiple polypi As there were polypi in equal 
abundance in the ascending colon and cecum, this explanation w'ould seem 
faulty, and the hypothesis that prolapse w^as due to rectal polyposis appears to 
be moi e tenable 

Insofar as the caicmoma wdiich occuired in this patient’s appendix is con- 
cerned, the following points may be bi ought out , cai cinoina of the appendix 
IS a very rare condition, indeed, and a great deal of confusion has been caused 
by the inclusion of the so-called “caicinoids” in this category Thus, w'hen one 
endeavors to read up on the subject, many false clues are traced back, only to 
find that they lead to carcinoid tumors Recently, Uihlein and McDonald,’^ of 
the Mayo Clinic, reported five cases of tiue adenocarcinoma of the appendix, 
the photomicrographic illustrations of wdiich might have been taken from 
sections of the tumor reported in this paper These authors divide appendiceal 
carcinoma into three categories, basing their observations upon an investigation 
of all the appendiceal carcinomas removed at the Mayo Clinic, between the 
jears rgio and 1941 There w'ere 144 specimens of which 127 (88 2 per cent) 
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\\eie caicnioids, 12 (83 pei cent) weie c>stic caicmomas, and five (35 pei 
cent) neie colonic in type, lesembling the adenocaicinomas of the colon To 
the last categoiy they added foui new cases, In inging the ntimhei up to a total 
of nine, at the tune of piihlication of then papei in 1943 These figiiies give 
an excellent idea of the laiity of the colonic type of appendiceal caicinoma 
The aiithoi s have tabulated the usual sites of the vai lous types , the colonic is 
found to arise in the base 01 tip of the oigan and, occasionally, to invade the 
cecum One of then lecent cases, howevei, shoned the tumoi m the middle 
thii d of the 01 gan 

Association \Mth multiple polyposis, 01 carcinoma piimaiy in the cecum, is 
not mentioned by these 01 othei authois consulted , appaientl}', it is extiemely 
lare Ening- dismisses the subject by lemarkmg that appendiceal caicmomas 
aie usually bulk) adenocaicinomas that resemble those of the colon Appar- 
ently, fiom lepoits nhich one may find on the subject, these tumoi s aie usually 
well-diftei entiated , show a variable number of mitotic figuies, and, may, on 
occasions, metastasize to Ijmph nodes and the liver The Mayo group give 
them a Biodei’s giadmg of I, nhich would conespond with the histologic 
ciitena m our case veiy excellently Their gioup of “cystic caicmomas,” m 
which theie are malignant changes m the mucosa of an appendiceal mucocele, 
does not interest us heie One might question including it under true caici- 
nomas, just as one might doubt the advisability of including aigentaffin caici- 
noids in that categorj 


SUMMARY 

An unusual case of multiple polyposis of the colon, cecum, vermifoim 
appendix and lectuin is piesented Theie Avas marked piolapse of the rectum 
and the patient had become very much debilitated by loss of blood This was 
successful!} overcome by (a) pieoperative supportive treatment, (h) careful 
tuning of the opeiatice procedures, including transverse colostomy, ileotians- 
verse colonic anastomosis, hemicolectomy, perineal resection of the lectum, 
and lower sigmoid , and (c) closure of the stoma of the transverse colostomy 
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Most clinicians are incieasmgly conscious of the menace of venous 
thrombosis and possible pulmonary embolism Why throilibosis occurs must 
surely be known before effective prevention of the possible results can be 
attained It is to the end of determining causes of clotting in veins that these 
experiments have been undei taken They are not wholly satisfactory, since 
m dogs there is no transition period between buoyant good health and progress 
to death as occurs in humans 

In this paper, the attempt has been made to intioduce the circulation of 
the vein w^alls as a factor m the pioblem of thrombosis This is a new' 
approach and may be piofitable 

When such lesions as so-called “spontaneous” thrombophlebitis or phlebo- 
thrombosis are discussed, it is assumed that three factors are lelevant to then 
etiology, and that a given instance of “spontaneous” venous thiombosis or 
phlebitis is due to an imbalance of any tw'O of them These factors are (a) 
alterations in the quality or quantity of blood constituents, (b) alteiations in 
the rate of flow of blood m the veins, and (c) alterations in the endothelial 
coats of the veins This paper is devoted principally to a consideiation of the 
last-named factor, the vein walls, and some of their physiologic lelationships 

Expel imentally, venous thrombosis has been produced by damaging vein 
w alls 111 various wa} s, such as crushing, stretching, scratching off endothelium, 
or injecting sclerosing agents These factois scarcely resemble any pathologic 
process w'hich may occui in postoperative oi postpartum patients, oi m indi- 
viduals afflicted w'lth systemic infections, cai diovascular disease, oi othei 
debilitating disorders A great amount has been wTitten concerning the nutri- 
tion of the walls of artei les i elativety little work has been done on the 
nutrition of vein walls Discussions in the hteiature reveal three schools of 
thought (a) that the inner layeis of the vein wMl are nourished by blood in 
the vasa venaruin, (b) that the innei layeis of the vein wMl are nourished 
b) blood in the parent lumen , and (c) combinations of these two 

No mattei wdiat the source or sources of vem-w'all nutiition, it is probably 
necessaiy to distinguish lietw'een the suppl)' of oxygen and the supply of other 
metabolic necessities, such as w'ater, glucose, ammo-acids, and moigamc salts 
Such a distinction is advisable, foi oxygen, unlike foodstuffs, must be con- 
stantly supplied since facilities for its stoiage m tissue or tissue fluid are 
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practically nonexistent Ceitainly, the organism as a whole reacts much more 
promptly to oxygen lack than it does to lack of nutriments, and if venous 
endothelium is at all comparable to capillai}' endothelium it should suffer 
from hypoxia m a somewhat similar fashion 

THE ANATOMY OF VASA VENARUM 
1 — TECHNIC 

Since few mvestigatois have studied the vasculai supply to vein walls, it 
was necessaiy to spend much time on this topic In the piesent work, the first 
attempts to demonstiate these tiny vessels involved the usual injection tech- 
nics, which neie only paitly successful A new technic was then devised for 
holding vein segments after they had been removed, and the benzidine staining 
reaction vas employed to outline the vasa venaium All experiments were 
carried out on dog veins Depending on the size of the animal and the avail- 
able length of the vein to be studied, a segment, 3 to 12 cm, was carefully 



Fig I — ^Apparatus used for holding vein segment flat while being stained, dehydrated, 
and cleared The tissue is secured by the stainless steel springs in the frame made of 
stainless steel rod, which, in turn, is held by adjustable brass clips while the specimen 
IS being attached 


dissected free, and a glass cannula inserted in its distal end and the lumen 
washed through with Ringer’s solution at body temperature Ligatures, which 
had been previously placed at either end of the isolated segment, were imme- 
diately tied, imprisoning Ringer’s solution in the vein lumen The segment 
was then removed, and kept moist with warm Ringer’s solution while it was 
being opened longitudinally and stretched out flat 111 a rectangular frame by 
small springs (Fig i) 

The frames used ivere made of stainless steel lod, 3 17 mm m diameter, 
bent into rectangles 7 cm wide and from 7 to 15 cm long, the various lengths 
being necessaiy to accommodate various lengths of vein segments The 
springs used were made of stainless steel wire 0010 in thick Each spring 
consisted of 50 turns of wii e, and was 2 2 cm long and 4 mm outside diametei 
A linear force of 15 3 Gm stretched a spring i cm Simple loops lying m the 
same plane ueie bent on each end of a spring, and one or both loops weie 
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sharpened to a fine point \Mth a small motoi-clnvcn hand giindei so that 
they would easily j^ieice vein walls 

To eliminate excessive pull on the vein segment being mounted, the spring 
should not have too much tensile strength, and the frame size should not be 
unduly laige in lelation to the size of the specimen To hold the frames steady 
\\hile the vein segments were being attached to them, two adjustable clips of 
half-hard brass were mounted on a flat tiay so that the curved tips of the 
clips could be fitted ovei the ends of the fiames and locked in place by 
w ing-nuts 

To mount a given vein, a rectangulai fiame of suitable size was placed on 
the flat tray, and the biass clips adjusted and locked in position to hold it in 
place The poition of vein to be attached to the frame, having ligatures at 
each end and Ringei’s solution in its lumen, was then placed on the tiai 
wuthin the frame, and kept w^ell-moistened with waim Ringei s solution The 
sharp end of a small spiing was then thiust thiough the loose cuff of vein 
w^all at each end, outside the ligatuies By means of small scissors and foiceps, 
the vein segment was then opened longitudinally, caie being taken that the 
point of the scissois within the lumen did not damage the opposite vein wall 
Once the vein is opened thioughout its length, othei spiings weie alter- 
natel)'^ hooked through the lateial edges ot the w^all on either side, and the 
outer, free end of each spring was attached to the side rod of the fiame These 
springs w'ere placed 5 to 8 mm apait 

Then each of the four corneis of the specimen was attached to the ends 
of the frame by spiings, after w'hich the tissue contained in the ligatuie was 
cut off, removed from the spiing holding it, and discaided These two spiings 
at either end weie then hooked thiough the midpoint of the end of the vein 
segment Once the tissue is thus secured, the entne fiame w'as turned ovei, so 
that the endothelial suiface of the vein faced downward Bj means of scissois, 
foiceps, and magnifying spectacles oi a dissecting microscope, anj' clumps of 
excess adventitial tissue weie dissected away This was done so that the rein 
segment w'ould be flat on a glass slide wdien finally mounted in balsam It 
must be done wuth meticulous caie lest the vasa venarum be damaged 

The entire pieparation was then immeised in w^aim Ringer’s solution and 
w^ashed by gentle agitation foi one oi tw^o minutes, after w'hich a similai w ash- 
ing was earned out using 5 per cent dextrose It is inadvisable to w^ash these 
specimens by directing lunning sti earns of solutions on them, foi the force of 
the stieam may damage the tissue This is of utmost importance w'hen the 
endothelium is to be stained and studied 

Each piepaiation w^as then iinmeised m a solution of benzidine foi 15 
minutes A mixture suggested by Sjostiand- w'as used This w^as piepared b} 
combining tw^o solutions, as follow^s Solution A contained o 9 Gm of benzi- 
dine base in 60 cc of 95 per cent ethyd alcohol Solution B contained 3 cc of 
30 per cent hydiogen peroxide m 120 cc of 70 cent cent ethyl alcohol 
Solutions A and B are then mixed, and the vein segments placed in this 
mixture 
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Fig 2 — Photomicrograph of blood vessels in wall of normal jugular vein 
of dog, stained with benzidine (X 210) 



Fig 3 — A portion of Figure 2 (x 55o) Note stained red cells in vessels 
and tortuous course of partly filled capillarv 
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The benzidine, by selectively staining red blood cells, can outline the 
vessels in which they aie contained This technic, first used by Lepehne,® 
was latei employed with various modifications by Sjostrand,^ by Pickworth,^ 
by Campbell, Alexander, and Putnam,® and by others, to outline small blood 
vessels in sections of biain, spinal cord, and othei visceia It stains the blood 
cells an ambei to daik blown color, depending on the duration of staining and 
the amount of blood piesent in a given vessel 

Each specimen was again washed in 5 pei cent dextrose, and then fixed 
in 10 pel cent neutral formalin foi 12 to 18 houis, following which it was 
dehydrated by successive immeisions in 70 pei cent, 80 per cent, 95 per cent, 



Fig 4 — Cross-section of wall of normal jugular vein of dog, stained 
with benzidine and counterstained with hematoxjhn and eosin The endo- 
thelial surface is shown in the lower right corner (A), and the adventitial 
surface in the upper left corner (B) Cut-ends of three vasa vasorum are 
shown in the inner part of the adventitial coat 


and absolute alcohol, allowing it to remain one-half hour in each of the first 
three solutions, and one hour in the absolute alcohol Clearing was carried 
out by immersion m oil of wmtergreen for 12 to 18 houis 

As containers for the various solutions in which these pieparations were 
immersed, rectangular glass dishes, ordinarily used for food storage m house- 
hold I efngerators, served admirably Their inside dimensions at the bottom 
are 19 cm in length, 8 cm m width, and 6 cm m depth, and each is equipped 
with a glass cover 

After clearing, each specimen was removed from its frame, by securing 
the frame on the flat tray with the brass clips and cutting off the margins of 
the segment where the springs pierced it The remaining portion of flat, stiff, 
transparent vein v all was then mounted m balsam between a glass slide and a 
long cover slip 


274 



Voluuit 12G 
\umbei J 


CIRCULATION IN THE VASA VENARUAI 


2 — ^ANATOMY 

Piepaiations so made admit of examination with a hand lens or a micio- 
scope, and a laige area of vasa venaium can be studied by looking directly 
down upon it (Figs 2 and 3) The -vessels vai) m diametei from those of 
tiue capillaiy size with diametei s of 10 to 20jx, to those of aitenole or venule 
propoitions having diametei s of 60 to 75/1 An occasional arteriovenous 
anastomosis is visible The iichness of these plexuses is impiessive, an opin- 
ion also expiessed by Kostei,® m 1875, who, in commenting on the structure 
of blood vessel w alls and inflammation of veins, remarked “The vasa nutritia 
(of veins) aie extiaoidmaiily moie numeious than is ordinarily represented, 
and suppty quite small i ems, v\ hose w all one thinks w ould surely be ivithout 
vessels ” 


vein DeAlNING- VEIN N. 
\vAL.u AMO emptying- ^ 
INTO PAEENT lumen 


■^^ARTERIOuE. entering- 
vein WALL. 



VEIN DRAINING- VEIN 
wall, and EMPTYING- 
iNYo another, vein 


ARTERIOLE ENTERINS- 
VEIN WALL 

uC. 


Fig 5 — Diagram of blood vessel pattern in vein walls 


In specimens so studied, 1 asa I’-enarum have not } et been seen in the media 
01 in the intimal laters of the vein wall (Fig 4) This justifies no conclu- 
sions, however, that tiny vessels do not penetrate into the media or intima, for 
demonstration of such vessels may be prevented b} lack of penetration of the 
benzidine stain deeper than the inner part of the adventitia, or because certain 
^essels aie empty at the time of staining It may well be that staining for 
loiigei periods wull permit greatei dye penetiation and, consequently, outline 
vessels in the deeper vein layers 

Study of the patterns of blood vessels in vein walls have led to certain 
concepts about their oiigin, distribution, and destination As diagrammed in 
Figure 5, they arise as branches from arterioles present in perivenous connec- 
tive tissue, these arterioles, m their turn, having come from neighboring 
aiteries The arteriolai vasa venarum enter the venous adventitial coat, and 
then divide and subdivide to form a rich capillary network wFose depth of 
penetration is still uncertain It is important that in all specimens so far 
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studied there is no evidence that the venous capillai les oi the venules in the 
plexuses in vein nails empty directly into the parent lumen, but, rathei, that 
the venous capillai les form venules which emerge from the adventitia of the 
vein wall usually as venae comites foi the entering aiterioles, and then empty 
into the veins which run in the loose perivenous connective tissue These 
veins, in tiiin, then join others m the vicinity, and finally emiity as a true 
tributary into some other vein, oi, if it be in an extiemity, it may emph into 
the patent vein at some more pioximal site 

A consideiation of the pressuies acting w-ithin and aiound a vein attest 
to the efficiency of such a plan If venous capillaries in the vasa venanini of 
a vein wall drained directly into the parent lumen, their emptying would be 
hindered by any local inciease m intravenous pressure, and, unless they weie 
all valved, actual regurgitation might occur into them if local intraienous 
piessme rose 

In a system so arranged that venous vasa venaium in vein walls emeige 
fiom the adventitia, and dram into sui rounding veins, later emptying into 
the parent vein at some distant site, local inci eases m intravenous pressure 
can have no harmful, and may actually have a helpful effect on their emptying 
For a rise m intravenous piessuie m a given vein segment ma}, by exerting 
foice on a vein wall fiom within outward, tend to massage blood out of the 
lenous vasa venarum, and since they can diain into surrounding veins in a 
plexifoim arrangement, their flow would not be seiiously hampered Again, 
if contraction of local muscle compressed a given vein segment such pressure 
w'ould tend to empty the veins in the vein wall and perivenous tissue, and at 
the same time force the blood m the parent lumen centrahvard Thus venous 
rasa venarum W'ould have no obstruction put m their way, and their drainage 
might even be aided by an aspiration effect occurring at the site wheie the 
tributary they help to form opens into the parent vessel 

CHANGES IN ENDOTHELIUM FOLLOWING ALTERATIONS IN BLOOD FLOW 

IN VASA VENARUM 

An anatomic discussion of vasa venarum should be complemented b) 
further studies to learn something of their function, particulaily the pait they 
play m vein wall nutrition Accordingly, experiments were devised to study 
the effect on vein w^alls, principally on the endothelium, wdien the blood sup- 
ply via the vasa venarum w as cut oft It is not a difficult matter to dissect a 
vein segment free from all its surrounding tissues, to peimit the vein to he 
thus isolated for varying periods of time, and then to study the endothelial 
changes which may have occurred In such expeiiments the dissecting technic 
must be meticulous in order that the effects of trauma wall be kept to a mini- 
mum Second, when a vein is carefully isolated, the nerves and lymphatics 
as w'ell as blood vessels of the vein wall are divided Third, if such studies of 
endothelium relied upon orthodox cross-sections only, it would be difficult to 
Msualize m proper perspective a sufficient expanse of endothelium to deiive 
an adequate pictuie of any changes wdneh might occui Foi this reason a new 
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appioach iias einplo3ed, and the vein walls mounted flat so that the innei 
layeis could be examined mici oscopically after staining with silvei nitiate 

When the time ai lived foi the teimmation of each expeiiment, a right- 
angled cannula, as \Mde-mouthed as the vein ^^ould admit, was mseited into 
the pioximal end of the isolated vein segment, and the blood emerging fiom 
tbe vein i\as collected so that it could be immediately examined foi clots, and 
minute lolume detei mined and compaied to noimal flow These vein seg- 
ments iieie not washed out with Ringei’s solution, lest endothelium be arti- 
ficially damaged They w'eie ligated at eithei end, lemoved, opened longitudi- 
iialh, and mounted flat in the small fiames as pieviously desciibed Excess 
adventitia was ti mimed away, and the segments weie washed m Ringei’s 
solution and 5 pei cent dextiose. as discussed above The Ringei’s solution 
w as used to 1 emove any blood fi oin the endothelial sui face, and the 5 pei cent 
dextiose wdiich was pieteiied to distilled watei because it is isotonic, was 
used to wash awai an} chloiides lemamiiig fiom the Ringei's solution and, 
thus, pi event the foiniation of sihei chloiide wdien the silvei nitrate w'as 
applied 

Since, in these segments, the endothelium and not the vessels in then 
walls was to be examined, they weie stained with i 250 silvei mtiate solu- 
tion To do this, each fiame was placed ovei a beakei 01 Petii dish, and a 
few diops of silver mtiate placed gently on the endothelial surface so that it 
would not lun on to the lowei 01 adventitial suiface The stain was pei- 
mitted to lemam 30 to 60 seconds, the Aem segment being gently agitated 
dining this time It was not found necessaiy to foimally expose the vein to 
a souice of ultiaviolet light aftei applying the silvei mtiate Sufficient stain- 
ing of inteicelliilai lines occuiied even wdien the silvei mtiate w^as applied at 
night undei aitificial light 

The staining w^as followed in each instance by fixation, dehydiation, 
dealing, and mounting in balsam, as pieviously desciibed 

With this technic a laige flat aiea of endothelial surface can be examined 
mici oscopically by looking directly down on it, and it has often been possible 
to examine 5 sq cm of endothelial suiface in one piepaiation — moie than 
could be studied 111 several thousand cioss-sections made by the usual micio- 
scopic technic 

So fai as is known, this appioach to the study of venous endothelium has 
not been pieviously emplo}ed Langhans,’’ in 1866, did make mention of 
horizontal sections used m studying aoitic endothelium, but details of how 
he made his pieparations are lacking He also stained these specimens by 
immersing them from 5 to 24 houi s m o 4 per cent solution of silvei nitrate 
This salt was first employed as a tissue stain by Flinzer,^ who, in 1854, used 
It to outline the cells of the coinea, but, according to Mann,^ silvei staining 
w'as made a geneial histologic method by von Recklinghausen in t86o Since 
that time it has been used m various w ays by vai lous investigatoi s The gen- 
eial pimciples, as w’ell as the technical details of its use, have been summaiized 
by Raiiviei by Mann,^ and by Lee 
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When applied to venous endothelium, silver nitiate stains the intercellular 
cement substance a dark brown to black color, which RabP^ has suggested is 
due to the formation of a silvei protemate He feels that it was not metallic 
silver, foi it was soluble in sodium hyposulphite In normal endothelium, the 
cells themselves do not usually stain, but they are nicely outlined and form a 
delicate mosaic pattern (Figs 6 and 7) 

Normal venous endothelium appaiently vanes somewhat m its appearance 
The intei cellular lines may ^ar) in thickness, nuclei of the endothelial cells 
are sometimes visible, and whether this is due to their being stained, r e , a 
positive shadow, or due to their not being stained while cytoplasm is stained, 
7 ^ , a negative shadow, is not cleai In some preparations where the vein wall 
has not been damaged, fine, roughly parallel lines running transversely to 
the long axis of the vein are visible through a superimposed endothelial pat- 
tern At the present time, these are believed due to the silver nitrate solution 
penetrating through the endothelial layer and staining some cement-like sub- 
stance or ground substance between the circular muscle fibers Some of these 
variations may be associated w'lth variations in the nutrition or age of the 
dogs used, differences m oxygen saturation of venous blood, and inequalities 
m technic in removing and staining the venous segments 

The first senes of experiments to be discussed is concerned wuth changes 
m the inner layers of the wall 111 veins w'hich are not obstructed but which 
are dissected free from all blood supply to their walls After gently separating 
a vein from all its surrounding tissues, the line of cleavage being in the 
inner part of the adventitia, rubber dam is sutured loosely around the isolated 
portion to make certain that it remains separated from its bed The w'ound 
can then be closed and the vein permitted to remain ni situ for periods varying 
from three to 48 hours 

When such an experiment is continued for six houis, and the vein segment 
removed, stained, and mounted as described, the inner coats, when viewed 
microscopically at low'^ powder (Fig 8), show some aieas where the endothelium 
looks little, if at all, different from normal However, it is more granular, 
many neuclei are visible, and they have the appeal ance of negative shadows 
At various places, round black spots occur on the intercellular lines, their 
greatest incidence being at junction points In other areas, the endothelial 
pattern is absent, being leplaced by roughly parallel black lines which run at 
right angles to the long axis of the vein In some instances endothelial loss is 
focal, consisting of absence of only a few cells, the space being filled with the 
black parallel lines 01 with a homogeneous black area studded with small 
round vacuole-Iike stiuctures These cleai tiny circular structures have not 
yet been identified The black transverse lines, however, are felt to represent 
some substance lying between circular muscle fibers, possibly similar to 
intercellular cement or ground substance, and which has been stained black 
by the silver nitrate, because the ovei lying endothelium has desquamated, 
allowing the silver to come in direct contact w'lth it 

Consideration has been given to the suggestion that w^here the black 
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Fig 6 



Fig 6 -Photomicrograph of the «ido*ehum of a normal 
of a dog, stained with 04 per cent silver nitrate solution ^^ladc 

ular black granular deposits are present m „j.obablv masses of protein 
shadows present on some cells are not nuclei a 

material stained with silver nitrate An occasional nucleus is visible as 

round retody l|hl zo^= ,_^n (X 53o) of a portion of F.gure 6 

Note the lo.n6. reTaUy f.ght V .nSdtar'f, nS^^ A f «v 

nirtnrp n<; well as the variation m the width ot intercellular lines ^ icw 

biS paralM lines are seen beneath the endothelium, running at right 

angles to the long axis of the vein wall 
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Fig S — Photomicrograph of endothelium of dog’s jugular vein after the 
\em segment had been isolated from all blood supply to its wall for six 
hours Stained with 04 per cent silver nitiate solution (X 210) 

Fig 9 — Photomicrograph of endothelium of dog’s jugular vein after the 
vein segment had been isolated from all blood supply to its walls for 13 5 
hours Stained with 04 per cent silver nitrate solution (x 210) Black 
parallel lines, running at right angles to the long axis of the vein, are 
visible beneath the endothelial outline 
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parallel lines aie visible and endothelial cells are not, the phenomenon may be 
due simply to dissolution of cement substance, cdloving the silver stain to 
penetrate through and leact with the subendothehal tissues, leaving behind the 
unstained and, theiefoic, invisible endothelial cells, and that the observer 
may, thus, get the ei i oneous impi ession that the cells w ei e absent That these 
cells have desquamated is conclusively shown in conventional ci oss-sections 
of the vein w alls 

In anothei expeiiment, continued foi 135 houis, the endothelium was 
apparently still present, but the black tiansveise lines could be seen lying 
beneath it (Fig 9) It seems possible that, 111 this paiticular vein, the silver 
nitrate penetrated thi ough and hetw een the endothelial cells, and stained some 
substance between the ciiculai muscle fibeis In some aieas, the cell nuclei 
aie visible while in othei aieas they aie not, yet in all places the subendothehal 
tissues aie unifoimh stained It is leasonable to conclude that in some sites 
the silvei nitiate passed thiough the cell bodies on its w^ay to deeper layeis, 
staining nuclei 01 c}toplasni en loute, while 111 othei sites the stain passed 
betw'een endothelial cells, and did not entei them, foi inti acellulai structures 
are unstained 

Appaiently wdien venous endothelium is depiived of the blood suppl} in 
the vein wall, it may leact in two ways It may desquamate, or some change 
in permeability to silver nitrate may take place which peimits the stain to 
penetrate it The suggestion immediately aiises that desquamation may be a 
sequel to some alteiation in pei meability, allowing fluid to pass thiough the 
endothelium and accumulate beneath it, and, thus, lift it oft If this w ei e ti ue, 
then all endothelium 1 emaining in veins isolated for moi e than six hours wmuld 
show^ subjacent black tiansveise lines This does not occui, foi in a similai 
experiment continued for 24 hours and wdieie the endothelium has desqua- 
mated in mail} aieas, the clumps of cells which do lemain show no black 
tiansverse lines beneath them, indicating that desquamation was the piincipal 
change rathei than some alteiation in permeability to silvei nitiate (Fig 10) 

Where this process is continued for almost the same time, i e , 23 lioui s, 
111 another animal, only a few isolated endothelial cells leiiiam, the 'surface 
otherwise showing only the black transveise lines (Fig ii) 

If such an experiment is continued for 40 hours, the inner surface of the 
vein, wFen examined microscopically, is devoid of endothelial cells, the entne 
segment being lined by circular muscle fibeis (Fig 12) When view ed in cross- 
section, the endothelium is absent, and the blood in the lumen is seen to be in 
most intimate contact w ith the musculai coat of the vein w'all This lumen did 
contain a small adherent clot 

These specimens, along wuth many others fiom similai experiments con- 
ducted for varying peiiods up to 48 hours, indicate that wdien vein segments 
are isolated but unobstructed, the fiist changes that occui (usuall) m four to 
SIX houis) are eithei focal desquamation 01 some change in permeability to 
silvei nitrate, and that the desquamation increases as the peiiod of isolation 
lengthens, becoming complete in some veins in 23 houis 
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Fig II 


Fig 10 — Photoniiciogiaph of endothelium of dog’s jugular vein seg- 
ment after the vein had been isolated for 24 hours from all blood supply to 
its wall In areas wheie the endothelial pattern is absent, the black trans- 
\erse lines are seen Many nuclei of endothelial cells appear as relatively 
light aieas Note that where the endothelial pattein is still present, no 
transverse lines are visible beneath it 

Fig II — Photomici ograph of endothelium of dog’s jugulai vein segment 
after the vein had been isolated for 23 hours from all blood supply to its 
walls Only a few isolated endothelial cells remain, the remaining surface 
being probably composed of smooth circulai muscle Stained with o 4 per 
cent silver nitrate solution (X 210) 
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Fig 12 



Fig 13 

Fig 12 — Photomicrograph of endothelium of dog’s jugulai vein seg- 
ment after vein had been isolated for 40 hours from all blood supply to 1 s 
wall All endothelium has desquamated, leaving a layer of smooth muscle 
Stained with 04 per cent silvei nitrate solution (x 210) 

Fig 13 — Photomicrograph of endothelium of dogs jugular vein seg- 
ment after nine hours of partial obstruction of blood flow though the lumen 
Stained with 04 per cent silver nitrate solution (X 210) The endothelium 
appears granular, and desquamation is focal 
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It IS noteworthy that as long as the blood flow in the paicnt lumen is 
unobstiucted, intiavascuhu clotting seldom ocaus, even though ciidotheluil 
desquamation is maxinitil This is strikingly demonstiatcd by the gross appeal - 
ance and behavior of these veins aftei the}'’ have lam isolated for over 12 
hours The vein segment undei these conditions deci eases b} as much as =50 
to 60 pel cent in diainetei , pi obably due to tonic contraction of cii culai muscle, 
and the minute volume of blood flow thiougb it is about 25 to 35 pei cent oi 
the oiigmal This was detei mined by placing a wude-mouth, right-angle can- 
nula in the pi oxiinal end of each segment befoi e it w as 1 emoved foi mounting 
and caiefully measuiing the minute volume outflow and examining it foi clots 

Although minute volume of flow' w'as lessened the associated deciease 111 
diametei of the vein helped to maintain the velocit) of blood flow at a rapid 
late, and it is pi obably this maintenance of velocity that pie\ented thiombosis, 
eien in the presence of what aie commonh teimed “law” sui faces which 111 
these instances weie surfaces lined by muscle, a tissue whose ability to pro- 
duce tin omboplastm has long been lespected These expeiiinents serve to 
reemphasize the impoitance of stasis as a factor in the etiologj of ^enous 
tin ombosis 

It can thus, be definitely demonstiated that division of ah blood vessels, 
lymphatics, and neives to a given segment of vein wall can, ovei a peiiocl 
exceeding foui to six houis, lesult in inci easing clegiees of endothelial des 
quamation 

CHANGES IN VENOUS ENDOTHELIUM ASSOCIATED W'lTH mRTIA.L 
STASIS IN THE PARENT LUMEN 

When the expeiiment is laiied so that paitial stasis is pioduced in a vein 
wuthoLit seveiing the vasa venaium, the lesulting endothelial changes m the 
endothelium just distal to the obstiuction aie similar m tjpe but less marked 
in seventy Slowing of blood flow' was bi ought about b} placing small metal 
clamps with cleaiances of 075 mm aiound the pioximal pait of a femoial 01 
external jugulai vein and permitting them to leinam thus foi peiiods langing 
fiom mne to 75 houis Measuiements of minute volume with and without such 
clamps m place indicate that the) 1 educe blood flow m the paient lumen b) 
80 to 90 pel cent of 1101 mal 

When such a clamp remains in place nine hours, and the vein segment 
distal to it IS then 1 emoved, stained, and mounted as pieviously desenbed, the 
endothelium shows minimal damage (Fig 13), lepiesented by a giamilai 
appearance of the endothelium, the piesence of an inci eased nuinbei of nuclei 
and focal endothelial desquamation A tin ombus not attached to the vein w all 
was piesent m this vein at the time of lemoval 

If the slow blood flow' is allow'ed to peisist foi 29 hours, the endothelium 
piesents minimal to model ate damage (Fig 14) In the flat piepaiation of 
vein wall fiom ivhich the illustration was made, theie aie ven laige aieas 
show'ing no damage, and a few' aieas wheiein the endothelium has desqua- 
mated There was a clot l)mg fiee 111 this vein lumen at the tune of lemoval 
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Fig 14 



Fig is 

Fig 14— Endothelium of dog’s jugulai vein after ^^ liours of partial 

obstruction of blood flow in the lumen Stained with ^ P ^reas of 
nitrate (x 210) The endothelium is quite granular, and several areas 0 

desquamation are visible . r, tnin 

Fig 15— Endothelium of dog’s jugular vein after 74 hours 40 min 
utes of partial obstruction of blood flow in the lumen Stained with 0 4 per 
cent silver nitrate (X 210) Transverse lines are visible through the 
endothelium Some endothelium has desquamated, and many nuclei are 
visible 
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Expel iments conducted in a snnilai wa}^ for 75 hours lesult in endothelial 
permeability to silvei nitrate in other aieas, foi the cells aie absent in some 
zones, the nuclei aie piominent in other zones, \\hile in still other places black 
transA^erse lines can be made out with endothelial cell outlines piesent aboA^e 
them (Fig 15) Theie Avas no clot present 111 this instance, but the decrease 
of blood floAv AAas not quite as gieat as in the Iaa'o prcAuous veins 

In compaiing results in the two sets of expei iments, namely, isolation of 
veins Avithout any obstiuction, and partial obstruction AA'ithout isolation, it is 
justifiable to conclude that isolation AAithout obstruction causes much more 
endothelial damage, Aihile paitial obstruction AVithout isolation, although not as 
destructive of endothelium, is a slightly more fiequent cause of intravenous 
clotting for the time-periods during aa'IucIi these experiments have been 
conducted 

The objection may occur that, although stasis may well be present, for 
example, in the loAver leg veins of many bedridden patients, there is little 
reason to feel that circulation through the vasa venaium has been cut off 
This is tiue But a vaiiety of disoiders maj" lesult m deci eased oxygen supply 
to such A^ein Avails To enumeiate some of them hjpoxia fiom deep or pro- 
longed anesthesia 01 narcosis, any interfeience AAith pulmonarj^ ventilation, 
poor oxygen transportation as in some cai diOA^asculai diseases, occlusn^e 
arteiial disease of extremities, 01 diminished blood Aoaa to a resting 01 
immobilized limb 

Given low oxygen values in aiteiial blood enteimg an extremity, both the 
blood nourishing the Aialls of the veins as AA'ell as the blood letuinmg m the 
vein lumina may have pioportionate decreases in their lespective oxygen 
levels It is conceivable that, undei such conditions, venous endothelium is 
caught 111 the middle, between tAvo poor oxj'^gen souices Avhose total supplies 
are scarcely adequate to keep it intact Add, then, stasis, Avhich means alloA\- 
mg time, and a clot may promptly form Such a theoiy, Avhich maj or may not 
opeiate clinically, leads to the proposal that, if it AAere sound, one should be 
able to produce A^enous thrombi consistently m expei imental animals either by 
isolation and partial obstruction of vein segments, 01 by causing hypoxia plus 
obstruction of certain A^ein segments 

There is some eAudence, as yet not conclusive, that expei imental thrombi 
wall regulaily result m A^ein segments from a combination of isolation and 
partial obstruction of those segments, piovided that sufficient time is allow^ed 
during AAdiich these factois opeiate In nine expei iments so conducted for 
varying lengths of time, thrombosis occurred m foui instances Avhere isolation 
and partial obstruction Avere present for more than 24 houis, but m only one 
instance of five Avhere these conditions existed for less than 24 hours In the 
animals wdiere thromboses occurred, the experiments w^eie conducted for 24, 
25, 30, and 50 hours, respectively Thrombosis occurred once in an experi- 
ment of three hours’ duration, and not at all in foiii experiments earned out 
for 2, 12, 14, and 19 hours, respectively 

Much more experience AAith this approach to the study of vein Avails is 
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lequired It is not known whether old animals aie moie susceptible than 
younger ones to inteiference ^vlth vasa venarum, and observations so fai 
made regarding this have been very limited due to the difficulty of securing old 
dogs Studies will be continued using material obtained clinically where the 
past histoiy, age, and geneial condition of the patient can be detei mined moie 
accurately Various countei stains will be utilized to permit moie accurate 
interpretation of endothelial changes and to study other physiologic functions 
of vein walls 

The original suggestion to approach the study of spontaneous venous 
thrombosis by studying the nutrition of vein walls in flat preparations was 
made by Dr Cecil K Drinker For the opportunity to work on these prob- 
lems m his laboratory and for his innumerable kindnesses and suggestions, 
as i\ell as those afforded by his staff — the Misses de Jony, Hardenbergh, Ord- 
way, and Puleo, and Mr Louis Freni — I am deeply grateful 

SUMIVLVRY 

A new technic is presented foi the use of dilute silver nitrate solution m 
staining and studying the inner coats of vein walls 

A new technic is presented foi mounting flat segments of vein walls so 
that the inner coats of the vail can be stained and studied 

Use of the benzidine stain for outlining the vascular plexus in vein walls 
IS described, and the distribution of these vasa venarum is discussed 

Changes in the inner coats of vein walls following isolation, obstruction, 
and a combination of isolation and obstruction of vein segments are discussed 
Theoretic connections between anatomy and physiology of vasa venarum, 
alteiations in endothelium, and clinical venous thiombotic lesions are discussed 
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DUPLICATIONS OF THE ALIMENTARY TRACT* 
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Duplications are rare developmental anomalies which are found in rela- 
tion to any portion of the alimentary tract, usually the small intestine They 
may be spherical or tubular and vary considerably in size but closely resemble 
the gastro-intestmal structures, their walls being made up of mucous mem- 
brane, smooth muscle and serosa Duplications are usually discovered in 
infancy and childhood and they are of clinical importance because of the 
serious symptoms which they may produce 

Many names have been given to this malformation In order to simplify 
the nomenclature, we are in agreement with Ladd^® and include the terms 
"enterogenous cyst,” “enteric cyst,” “inclusion cyst,” “ileum duplex,” “giant 
diverticulum” and “unusual Meckel’s diverticulum” under the general classi- 
fication of “duplications of the alimentary tract ” Although found in different 
locations and in different shapes and sizes, they are embryologically associated 
and should be grouped together They should not be confused with Meckel’s 
diverticulum, which is an entirely different abnormality with a distinct embryo- 
logic derivation 

Six cases of duplication of the gastro-intestinal tract were encountered at 
Babies Hospital betw^een April, 1945 and Novembei, 1946 All of them came 
to operation 

CASE REPORTS 

Case 1 — R , a 12-year-old white boy, was admitted to Babies Hospital, April 13, 
1945 because of severe bleeding per rectum and weakness On the morning of admission, 
he awoke feeling well, w^ent to the bathroom for a bowel movement and passed a consid- 
erable quantity of fresh blood with his stool He called to his mother and fainted Four 
hours later he w^as brought to the hospital There had been no previous episode of 
gastro-intestinal bleeding The personal and family histones W'ere noncontributory 

Examination on admission revealed a pale, apprehensive child with cold, clammy 
extremities The pulse was 84, respirations 30, temperature 98 6° F and blood pressure 
94/40 The other physical findings w'ere normal except for the presence of fresh blood in 
the rectum A transfusion of 500 cc of whole blood was administered, and proctoscopic 
examination performed one hour after admission No abnormalitj' was found, but fresh 
blood was seen coming from aboY e the tip of the proctoscope After the transfusion, the 
hemoglobin w'as 10 2 Gm and the red blood cells 3,720,000 The leukocyte count was 
11,000, with 68 per cent polj morphonuclear cells, 30 per cent lymphocjdes and 2 per cent 
eosinophils 

During the ensuing four days he improved, there was no gross bleeding but the 
stools remained tarr\ and gave 4-plus reactions to the guaiac test He was asymptomatic 
and maintained his hemoglobin and red blood count at about the same levels On the 5th 

Submitted for publication rcbniar\ lo, 1947 
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hospital day, roentgenologic examination of the colon by means of a barium enema was 
done and no abnormalities were demonstrated Tbe barium was returned containing 
gross blood The hemoglobin dropped to 7 2 Gm (48 per cent) about seven hours later 
and he received another transfusion of 500 cc of whole blood After the nth hospital day 
the stools became normal, and roentgenographic study of the gastro-intestinal tract was 
earned out after barium meal Nothing abnormal was demonstrated 

Operation — Celiotomy was performed. May Q, 194S, under etber anesthesia The 
pre-operative diagnosis was Afeckel’s diverticulum, with ulceration and hemorrhage 
About 15 cm proximal to the cecum a small duplication of the ileum was found It pro- 
jected from the mesenteric side of the bowel, measured 3 x 2 x 2 cm and extended out 
between the leaves of the mesentery plate (Plate lA) A segment of bowel containing the 
duplication, and extending 2 cm above and below it, was resected The patient made an 
uneventful recovery, and was discharged on his 14th postoperative day 

Follow-up — A few months after operation he received radiotherapy for keloid 
formation m the scar When last seen, November 22, 1946, 18 months postoperatively, 
he was asymptomatic 

Pathology — The specimen consisted of a segment of ileum measuring 7 cm in length 
From the midportion projected an ovoid, soft, pale jellow structure 3 x 2 cm (Plate 
lA) It was attached by a broad base, 2 cm in diameter, to the mesenteric side of the 
bowel On section (Plate IB), the cavitj of the duplication was shallow and the 
lateral walls resembled intestinal mucosa The mucosa was pale and spongy 

Microscopically (Fig i), portions of the internal surface were covered by intestinal 
mucosa as evidenced by vilh and intestinal glands containing Paneth cells Contiguous 
to the intestinal mucosa there were areas where the surface was lined by tall columnar, 
eosinophilic epithelial cells, and deeper in the mucosa there were many gastric glands 
In some regions parietal cells predominated A few clusters of Brunner’s glands were 
also present In one part, there was a deep ulcer Its base was covered by eosinophilic 
material and the wall, including muscularis, was entirely replaced by granulation tissue 
which extended into the submucosa and serosa of the bowel lateral to the ulcer 

Case 2 — P K, a 3 5 -months-old w'hite male, was admitted to Babies Hospital, 
December 21, 1945 with a history of pallor and tarry stools of five weeks’ duration At 
the age of two months he first passed a small amount of fresh blood per rectum Subse- 
quentlj, the stools became tarry and remained so until admission At tbe age of three 
months a gastro-intestinal roentgen series and a barium enema, done at another hospital, 
W'ere reported as normal 


Plate I 

A — Case i Duplication of ileum protruding from mesenteric side 
B — Case i Inner aspect of duplication showung hyperplastic gastric mucosa which 
forms a contrast to the normal intestinal mucosa of the ileum 

C — Case 2 The orifice by which the duplication communicates with the ileum is 
indicated by scissors and lies at the low'er (distal) end of the accessory bowel The 
duplication runs proximally along the mesenteric side of the ileum, between the leaves 
of the mesentery, for a distance of 10 cm and then lies free The dilated middle portion 
is lined with gastric and small intestinal mucosa and an ulcer is visible The rounded 
enlargements near the free extremity are lined wnth gastric mucosa, while the mucosa 
of the narrow portion between them was found to resemble common bile duct mucosa 

D — Case 4 A duplication lined with gastric mucosa The external fistula is showm 
in the upper left corner of the specimen 

E — Case 5 The duplication lies within the mesentery in close approximation to 
the ileum 

F — Case 6 The duplication lies within the mesenterj in apposition to the normal 
intestine and communicates with it at the lower end 

G — Case 6 The mucosa of the duplication bears thick irregular folds resembling 
gastric mucosa That of the small intestine bears transverse folds suggesting the valvulae 
conniventes of jejunum, as in Case 2, Plate IC 
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Except for marked pallor the physical findings were within normal limits on admis- 
sion The hemoglobin was 6 Gm , and the red blood cells 2,760,000 The leukocyte count 
was 6,100, with 48 per cent polj morphonuclear cells, 50 per cent lymphocytes and 2 per 
cent monocytes The platelet count, the bleeding and coagulation times were normal The 
stools were tarr}"- and gave a 4-plus reaction to the guaiac test No abnormalities were 
found on proctoscopic examination He was given small transfusions of whole blood in 
preparation for surgery 

Opciatwn — On the 5th hospital day, celiotomy was performed under ether anesthesia 
The preoperative diagnosis was Meckel’s diverticulum, wnth ulceration and hemorrhage 



Fig I — Case i Hyperplastic gastric mucosa lining 
the duplication 


About 20 cm proximal to the ileocecal aiea a duplication of the bow'cl w'as found 
(Plate IC) Starting at the distal end and follownng it backw'ard, we found that the 
duplicate intestine was attached to the ileum and coursed proximally along its mesenteric 
side for 10 cm It then deviated from the normal bow'el and continued separately for a 
total distance of 22 cm, cephalad and posteriorly, along the mesentery to the region of 
the pancreas After its separation from the normal bow'el, the duplication resembled 
small intestine for about 10 cm A dilated segment was then met, measuring 6 cm in 
length This portion contained blood and an ulcer was palpable on the posterior wall 
Bejond this there was a narrow empt3' segment, 25 cm in length, follow'ed bj a 
rounded enlargement, r 5 cm m diamete' There then was another narrow segment, i cm 
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in length, and the final portion, or the proximal extremity of the duplication, was a 
slightly enlarged blind end about i cm in diameter 

Dissection was started at the proximal or free end of the duplication and mobilization 
was possible without interfeimg with the blood supply to the normal bowel This was 
carried out down to the point where the accessory intestine fused with the normal ileum 
Here, the mesenteric ^essels were common to both duplication and normal bowel This 
part of the anomaly was then resected together with the contiguous normal ileum and a 
side-to-side anastomosis performed Convalescence was uneventful, and the patient was 
discharged on the 14th postoperative day 

Follow-up — When last seen, November 22, 1946, ii months after operation, he was 
developing normally, his nutrition was excellent and there were no symptoms referable 
to the alimentary tract 



Pathologv — The gross external findings were essentially the same as described in 
the operative note above On section (Plate IC), the orifice by which the duplication 
communicated with the ileum was found at the lower (distal) end of the accessory intes- 
tine The mucosa of the lower portion of the duplicate bowel (that part which paralleled 
the normal ileum and extended to the dilated segment) resembled jejunum and the lumen 
contained thin watery fecal material The mucosa of the dilated midportion was thick, 
and resembled gastric mucosa It bore a rather deep ulcer, i 5 cm in diameter, with 
thickened margins and a bed of fibrous tissue The mucosa of the two rounded enlarge- 
ments at the upper end was thick and infolded, and also resembled gastric mucosa The 
mucosa of the two narrow areas was thin and smooth 

Microscopically, one section through the lower 01 distal half of the duplication 
showed mucosa resembling that of the colon and bore a small ulcer extending into the 
submucosa A second section through the lower end of the duplication showed gastric 
mucosa 

A section through the ulcer in the dilated part of the accessory bowel (Fig 2) 
showed small intestinal mucosa on both sides of the ulcer On one side, however, shghtlj 
beyond the intestinal mucosa, there was an abrupt transition to well-differentiated gastric 
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mucosa The ulcer extended to the level of the muscularis, and beneath this there was 
a thick wall of fibrous tissue containing many fibroblasts and young fibrocytes The 
underlying peritoneum was thickened with fibrous tissue and covered with a delicate layer 
of fibrin A few lymphocytes, plasma cells and phagocytes infiltrated the entire scarred 
area, and there was fresh hemorrhage into the deeper portion 

Sections through both nodular enlargements of the free end of the duplication 
showed gastric mucosa infiltrated with a few eosinophils 

A section through the narrow segment connecting the twm nodular enlargements was 



Fig 3 — Case 2 Section through the narrow por- 
tion near the free end of the duplication in which the 
mucosa resembles that lining the common bile duct 


lined with a thin and irregular la}’’er of high columnai cells which suggested the struc- 
ture of common bile duct mucosa (Fig 3) 

The mucosa of the resected normal small intestine w'as edematous and bore transverse 
folds as in jejunum A few Paneth cells w'ere present and also a cluster of three lymph 
follicles It was not clear whether the mucosa was that of jejunum or ileum 

Case 3 — H , a five-year-old w'hite boy, w'as admitted to Babies Hospital, February 
25. 1946, because of abdominal pain and vomiting of six days’ duration The pain was 
intermittent and confined to the low'or abdomen Vomiting follow'ed the onset of pain 
and had occurred about twice daily The stools w'ere normal until the dav of admission, 
when they became liquid, and contained some small blood clots 
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On admission, the physical findings were within normal limits except for niiniinal 
tenderness and iigiditv oier the right lower quadrant of the abdomen The temperature 
was 1004 F, pulse 88, respirations 22 The leiikocj’^te count was 18,400, with 77 per 
cent polymorphonuclear cells and 23 per cent lymphocytes The red blood count and 
urine analysis were normal The sedimentation rate was 19 mm in one hour The stools 
gave a 4-plus reaction to the guaiac test No pathogens were recovered from stool 
culture The Kline test was negative 

The next day, the leukocjte count was 10,600, with 68 per cent polj'morphonuclear 
cells and 32 per cent lymphocytes Physical findings were the same On the 4th hospital 
day, roentgen study of the colon bv means of a barium enema disclosed no abnormahtj 
The patient remained as3'mptoniatic for the next three days 

On the 7th hospital day, shortl)' after breakfast, he suddenly complained of lower 
abdominal pain He w'as not nauseated, and did not v'oniit There was moderate tender- 
ness over the lower abdomen, slightlv more on the right than the left, but no rigiditv 
Rectal examination was normal He had a normal bowel movement one hour later The 
temperature was normal The leukocj’te count was 16,200, with 88 per cent polymor- 
phonuclear cells Bv' the afternoon, eight hours after the onset of pain, he was asympto- 
matic and phisical findings were normal The next day, the leukocjte count was 10,000, 
with 65 pel cent polymorphonuclear cells Two days after this episode, he was again 
seized with seveie pain in the left upper quadrant, which soon shifted to the lower abdo- 
men, and W’as accompanied by nausea and vomiting At this time, there w’as marked 
tenderness and rigidit} of the entire lower abdomen 

Opeiatwu — Celiotomv was performed, and a small duplication of the ileum was 
found 30 cm proximal to the ileocecal aica It measured 3 x 2 x 2 cm , and extended out 
between the leaves of the mesentery (We do not have a photograph of this specimen but 
It closely resembled that found in Case i (Plate lA) About 200 cc of serosanguineous 
fluid were present in the peritoneal cavity The terminal ileum was edematous and thick- 
ened The duplication and about 10 cm of ileum above and below it were “peppered” 
with areas of subserosal hemoirhage The mesentery and its nodes in this region were 
thickened and edematous It seemed probable that the duplication had produced an intus- 
susception, which had reduced spontaneously just before operation In all, 24 cm of the 
ileum together wuth the duplication w'crc resected and a primary anastomosis performed 
Convalescence was uneventful, and the patient was discharged on the loth postoper- 
ative day 

Follovv^-up — This patient was last seen on November 22, J946, nine months after 
operation, when he was asvmptomatic 

Pathology — The gross external findings were as described above In a section 
through the duplication, the mucosa showed transverse folds and resembled duodenum 
The mucosa and part of the submucosa were denselj" packed with polj morphonudear 
cells, phagocytes and red blood cells Some of the superficial portions of the v ilh had lost 
their epithelium Most of the muscle cells showed early necrosis The peiitoneiim was 
hemorrhagic The section suggested early gangrene A section through the adjacent 
ileum shovv'ed edema and infiltration of the mucosa with polvmoi phonucleai cells Sec- 
tions taken farther away from the duplication w^ere normal 

Case 4 — B M , a ten-months-old white male, w'as admitted to Babies Hospital, 
Febiuary 22, 1946, with a fistula in the right upper abdomiiTal quadrant At the age of 
three weeks this patient was said to have a small, red, tender mass in the right upper 
quadrant Two months later, when the mass had increased to the “size of a plum," he 
was admitted to another hospital vvheie a diagnosis of abdominal wall abscess was made 
The mass was incised but no pus was found , only “edema and thickening of the abdominal 
wall” Two weeks later he was admitted to the same hospital with the same mass and a 
fistula at the site of incision The fistulous tract was excised One w'eek after this 
operation, “intestinal fluid” began to dram from the incision, which failed to heal Four 
months later another unsuccessful attempt was made to excise the fistula, and the wound 
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continued to drain He received nine blood transfusions during his period of hospitaliza- 
tion Roentgenographic studies of the gastro-intestinal tract, both with barium meal and 
barium enema, were reported, to be normal, as was also an intravenous pyelogram At 
the age of ten months, the patient was transferred to Babies Hospital 

On admission, examination revealed a ver}' alert, marasmic infant, who was in no 
acute distress (Fig 4) The abdomen was distended but soft and presented a large 



Fig 4 — Case 4 Photograph on admission A dressing soaked 
uith sodium bicarbonate solution is seen in the large fistula 


fistula in the right upper quadrant The ulceration was about 4 un in diameter and 
about 2 cm in its deepest portion It w’as surrounded by a large area of excoriation and 
induration The fistula drained a copious amount of seromucoid fluid The red blood 
count and hemoglobin were normal The Icukocite count was 19,800, w'lth 54 per cent 
pohmorphonuclear cells The urine anahsis w’as normal The serum proteins were 605 
Gm per 100 cc , with 401 Gm of albumin and 204 Gm of globulin The plasma chloride 
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level was 105 inilhequivalents per liter The stools gave a negative reaction to the 
guaiac test Roentgenographic studies, with lipiodol injected into the fistula, failed to 
demonstrate any connection with the alimentary tract Visualization of the gastro-intes- 
tmal tract with barium showed the second portion of the duodenum displaced to the 
left, suggesting a mass impinging on its descending limb from the right There was no 
eiidence of obstruction 

Methylene blue fed bj mouth failed to appear m the fistula In an histamine test, 
the fluid flowing from the fistula was collected quantitatively, as if for gastric analysis, 
with the following results The free HCl before histamine was zero, the total acidity 70 
After histamine, the free HCl was 38 5 , the total acidity 79, and the amount of drainage 
was considerablj increased By direct measurement, the pH of this fluid was 3 0 Pan- 
creatic enzyme assaj performed on the fluid showed no trypsin or amylase The fistulous 
tract was continuously treated with dressings of sodium bicarbonate solution, and the 
surrounding skin slowly began to improve The discharge was so irritating to the skin 
that at one time, when the dressings were neglected overnight, a red tract of excoriated 
skin was seen the next morning where the fluid had run down the flank 

After four weeks of supportive therapy the skin around the fistula had improved 
sufficiently to permit operation From the evidence gathered, we expected to find a 
duplication of the stomach, probably devoid of direct communication with the alimentarj 
tract 

Operation — Celiotomy was performed, under ether anesthesia, March 26, 1946 The 
patient received 200 cc of whole blood during the procedure A subcostal incision, just 
above the fistula, was made Because of the dense adhesions encountered, the lateral end 
of the incision was extended downward and medially below the fistula in order to secure 
adequate exposure The fistulous tract led into a cystic mass which was round, thick- 
walled, and grossly resembled stomach The mass lay in the gastrohepatic omentum and 
was m contact with the edge of the liver and fundus of the gallbladder anteriorly and 
the transverse colon posteriorly and inferiorly The stomach was normal A loop of 
jejunum was adherent to the point where the fistulous tract joined this mass and com- 
municated with the tract through a minute opening This w'as interpreted as a traumatic 
fistula probably resulting from one of the previous operations The mass itself, however, 
had no direct communication with any of the viscera 

The adherent loop of jejunum was dissected free of the fistulous tract and the small 
opening m it was closed The duplication w'as then dissected free from the surrounding 
structures and was removed together with the fistulous tract The incision was closed 
in layers, and the fistulous opening remaining in the abdominal wall was packed 
with gauze 

This opening soon filled-in wuth granulation tissue and became covered with epithe- 
lium A small segment of skin in the lower extension of the incision sloughed because of 
poor blood supply, and this defect was allowed to heal by granulation 

Six w'eeks postoperatively the patient developed mumps, and was transferred to the 
Willard Parker Hospital He was readmitted to Babies Hospital one week later for 
further care of his wound He w'as discharged on June 15, 1946, when the wound was 
entirely healed 

Follow-up — He W'as last seen, October 25, 1946, se\en months after operation He 
had gained a great deal of weight and was developing normally There were no symp- 
toms referable to the gastro-intestmal tract The wound was w'ell-healed but presented 
some w'eakness at the lateral end of the subcostal scai 

Pathology — The specimen (Plate ID) consisted of a rounded mass measuring 3 3 
X 28 X 22 cm It bore two short projections one measured i cm m diameter and oS 
cm m length and w'as patent, the other was a tag of fibrous tissue i cm in length On 
section, the cystic mass contained 5 cc of thick, cloudy, brownish-black fluid The inner 
surface resembled gastric mucosa No ulcers were seen The wall measured 6 mm and 
was formed of a mucosal and a muscular laver of about equal thickness 
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The mieioscopic icsembled Inperplabtie stomach wall The mucosa was thick 

and the chief cells were clearh seen No ulcer was present The muscularis was in two 
lajers ^Mth distinct sympathetic ganglia between them The muscle fiber'; were hyper- 
trophied The peritoneum was somewhat edematous 

Oase 5 — J B, a threc-months-old white male, was admitted to Babies Hospital, 
May 7, 1946, because of bleeding pei icctum The baby w'as well until three w'Ceks pre- 
viously, w'hen the mother noted fresh blood on his diapei The next day he passed blood 
clots by rectum, follownng wdiii h he began to look pale The hemoglobin was reported 
to be 40 per cent, and he was admitted to another hospital for transfusions and surgery 
At operation, a duplication of the ileum w^as found No resection was attempted because 
of his poor condition In the first days after exploration, he had eight bloody stools, 
’-eceived tw'o blood tranbfusions, and then gradually began to show improvement Two 
weeks after operation he had an “alarming rectal hemorihage,” w'as given another trans- 
fusion of whole blood and transferied to Babies Hospital 

On admission, the infant was veri pale and listless The abdomen was soft and 
show'ed a healed right rectus incision No masses w’ere palpable Gross blood was found 
in the rectum on digital examination The hemoglobin was 9 Gm , the red blood cells 
3,700,000 The leukocyte count w'as 16,000, with 45 per cent polymorphonuclear cells 
and 55 per cent lymphocytes 

After a transfusion of 100 cc of w'hole blood the hemoglobin rose to il 7 Gm and 
the red blood cells to 4,300,000 He continued to pass small quantities of gross blood 
by rectum 

Operation — On the 3rd hospital day operation was performed under ether anesthesia 
About 23 cm proximal to the ileocecal region, a duplication was found which measured 
15 cm in length (Plate IE) The duplication and the contiguous ileum w'ere resected 
Convalescence w'as uneventful and the patient w'as discharged on the 13th postoper- 
ative day 

Follow-up — He W'as last seen, November 26, 1946, Six months after operation, he 
was asymptomatic, and no further bleeding had been observed 

Pathology — The specimen (Plate IE) consisted of a segment of ileum measuring 
20 5 cm in length and i 3-1 5 cm in diametei Running parallel to it, on the mesenteric 
side, and enclosed in the same peritoneal sheath, there was a duplicate segment of 
intestine measuring 15 5 cm in length and i 8-2 2 cm in diameter The junction of the 
two, near the distal end of the specimen, extended for a distance of about 3 cm The 
mucosal surface of the ileum looked normal except for the presence of the orifice into the 
accessory intestine This appeared as a transverse slit i 2 cm in width The mucosa of 
the duplication was thick and somewhat irregular, resembling that of the stomach The 
transition to ileal mucosa was abrupt and followed a transverse line just proximal to the 
communication 

Microscopically, the sections showed a portion of ileum which made an abrupt 
transition to hypertrophic gastric wall The gastric mucosa was very much infolded 
The deeper layer contained normal gastric glands with numerous chief cells The 
stroma was infiltrated with a moderate number of lymphocytes The muscularis was 
normal and the peritoneum w'as thick and edematous 

Ctase 6 — ^R N , a six-year-old white boj', was last admitted to Babies Hospital, 
November 10, 1946, with a history of abdominal pain and bleeding per rectum His 
illness began at the age of three months, when the parents fiist noticed that his stools 
were tarry This condition was only temporary When he was seven months old he 
passed two large bloody stools for which he was admitted to another hospital and 
received two blood transfusions Roentgenographic studies were made of the gastro- 
intestinal tract, including barium enema These were reported to be normal and he was 
discharged after eight weeks of observation 

He was first admitted to Babies Hospital in 1942, at the age of 15 months, because 
he had again pas'^cd gross blood b\ icctnm The hcmoslobin was ^ t Gm (33 per cent), 
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and the led blood cells 2,200,000 He leccncd two tnnsfusions Pioctoscopic exam- 
ination did not icveal any abnoiinalitj 

On the lotb hospital daj celiotomy was performed The preoperative diagnosis was 
Aleckel’s diverticulum, with htmoirhagc A duplication of the distal ileum was found 
which was estimated to be 24 inches long llicie wis an inflammatoiy mass m the mid- 
portion of the lower abdomen involving the tip of the appendix, the proximal end of the 
duplication and a loop of ileum There was a fistula between this loop of ileum and the 
duplication The adherent loop of ileum was dissected free of the mass and the openings 
m this loop and m the duplication were closed The appendix wis mobilized and 
removed Three ulcers were palpated in the duplication Since the condition of the 
patient did not justify an extensive resection, the ulcers were inverted with purse-string 
sutures and the abdomen closed Convalescence was uneventful He was discharged, and 
was to return at a later date for resection of the lesion 

Two months later, at the age of 17 months, he was readmitted because of intermit- 
tent abdominal pain and tarry stools The hemoglobin was 3 8 Gm , and the red blood 
cells 2,000,000 The parents refused to allow a second operation at this time, and he was 
discharged after receiving two more blood transfusions 

This patient had se\en more admissions to Babies Hospital between the ages of 18 
months and four years, each time for abdominal pain, tairy stools and anemia On each 
occasion, permission for operation could not be obtained, and he was discharged after 
receiving transfusions of whole blood Between the ages of four and six years there 
were no furthei episodes of bleeding 

Two daj's before the most recent admission, he was awakened by severe abdominal 
1 am at 4 A M , and soon vomited He ate breakfast at 7 am, and vomited again aftei 
an attack of violent lower abdominal pain which doubled him up and caused him to roll 
on the floor Following this episode, the pain disappeared and the next day fresh blood 
was noticed in his stools 

Except for marked pallor, the physical findings were within normal limits on admis- 
sion The hemoglobin was 5 5 Gm , and the red blood cells 2,320,000 The stools were 
tarry and gave a 4-plus reaction to the guaiac test This time permission for operation 
was granted and he received three transfusions of whole blood m preparation for surgery 
Opciation — On the 9th hospital day celiotomy was performed under ether anesthesia 
Many adhesions were encountered between the duplication and loops of small intestine 
The distal end of the duplication, where it communicated with the normal bowel, was 
found about 40 cm proximal to the ileocecal area It coursed upwaid along the mesen- 
teric side of the ileum for a total length of 40 cm (Plate IF) At its proximal extremity 
it deviated from the normal ileum and ended m a blind pouch between the leaves of the 
mesentery The duplicate intestine, together with 60 cm of the contiguous ileum, were 
resected 

Postoperatively, he did well except for an episode of abdominal cramps and vomiting 
on the 8th day which promptly responded to the use of the Miller-Abbott tube He was 
discharged on the 20th postoperative day m excellent condition 

Follow-up — This patient was last seen, January 27, 1947, ten weeks after operation 
He was having normal bowel movements and there had been no further episodes of pain 
since discharge He was gaining weight rapidly, an estimated ten pounds since operation 
Pathology — The specimen (Plate IF) consisted of a loop of small intestine meas- 
uring 60 cm m length and 2 cm in diameter A second segment of bowel lay parallel 
to it on the mesenteric side and w'lthm the mesentery, sharing a common blood supply 
This measured 40 cm in length and 2-2 5 cm m diameter The duplicate portion com- 
municated freely w’lth the normal intestine at the lower end oi the specimen The proxi- 
mal end formed a somewhat dilated blind pouch, 4 cm in diameter This was demar- 
cated from the remainder of the duplication by a slight constriction 4 cm from the 
extremitv The mam portion of the duplication measured S cm in circumference The 
lumen was filled wnth dark, brownish-black mucoid material The mueosa (Plate IG) 
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was thick and gic}", and thrown up into irregulai folds, the appearance being that ol 
gastric mucosa The ulcers described at the previous operation, 45 j^ars ago, were not 
evident The mucosa of the small intestine was j'ellowish and bore transeerse folds 
similar to those of the normal jejunum 

Alicroscopically, the duplication showed normal gastric mucosa diffusely infiltrated 
with lymphocytes and eosinophils (Fig 5) No ulcers were present The submucosa was 
normal The circular and longitudinal muscular layers were of approN-imately equal 
thickness thi oughout They were infiltrated with a few eosinophils Sections through the 
contiguous small intestine showed transverse folds similar to those of jejunum Paneth 
cells were absent and no Peyer’s patches w'ere present It w'as not clear whether the 
mucosa was that of jejunum or ileum 



Fig S — Case 6 The section is taken from the junction of the duplication 
with the intestine The tiansition between the gastric and intestinal mucosa is 
abrupt The fusion of the muscular coats of the' tw'o portions of bow'd is 
demonstrated 


DISCUSSION 

Ernhyology — There are many theories regarding the oiigiii of duplica- 
tions According to Hughes- Jones, the sequestiation of embiyonal intestinal 
epithelium earl}' in fetal life may account foi the development of these anoma- 
lies Many authors have previously desciibed these cases as representing pei- 
sistence of the proximal part of the vitelline duct or Meckel's diverticulum 
As pointed out by Hudson, the persistence of the vitelline duct, a normal 
fetal structuie, explains many cysts and diverticula but this accounts only for 
those which occur in relation to the distal portion of the ileum Also, this 
theor} would not account foi the mesenteric position of the duplications as 
in contiast to the constant antimesentei ic location of Meckel’s dneiticulum 
The case lepoited by Grove and Poich,^- of a duplication of the terminal ileum 
associated with a Meckel’s dnerticulum and an intiamesenteric diverticulum 
111 the same patient, would be difficult to explain on this basis 
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Probably the most popular theory of then development is that of Lewis 
and Thyng,^^ who described groups of epithelial cells or diverticular occurring 
along the alimentar} tract of the embryos of the pig, rabbit, cat, sheep and 
man, which normally disappear One of these diverticula may be pmched-off 
and develop into a duplication 

More recently, Bremei^ divided these anomalies into two groups, the 
spherical and the tubular, on the basis of embryologic origin Most of the 
spherical ones are derived from true diverticula which are frequently found 
projecting from the antimesenteric surface of the alimentary tube m embryos 
of the 8th or 9th w'eek These diverticula normally regress Abnormally, 
they continue to grow' and give rise to the spherical type of duplication Most 
of the tubular structures, and a few' of the spherical ones, represent true dupli- 
cations, originating by an abnormal persistence of the vacuoles which are 
regularly present in the “solid stage” of the development of the intestine in 
the 6th or 7th week embryo By the confluence of a chain of these vacuoles a 
new channel is formed alongside the original lumen and this develops as a 
duplication 

Pathology — Duplications may occur anywhere along the gastro-intestmal 
tract, from the base of the tongue to the rectum They are most commonly 
found along the ileum seven out of the 18 cases reported by Ladd and 
Gross five of our six These lesions may also be found in the mediastinum, 
as reported by Mixter and Clifford,^** and others 

The duplicate intestine is usually intimately associated w'lth the normal 
adjacent bowel, lying on its mesenteric side, between the leaves of the mesen- 
tery The blood supply of the duplication and that of the contiguous intestine 
are the same This is of primary importance in the suigical management of 
these lesions and w'lll be given greater consideration later Rarely, the malfor- 
mation may be entirely separate from the alimentary tract, as m one of our 
cases (Case 4), and is then commonly referred to as an enteric or entero- 
genous cyst 

These structures may be spherical or tubular They may vary consider- 
ably m size , from 2 cm to 40 cm in our cases Hudson^"* reported one of the 
ileum about four feet long They may be multiple, as in the case reported by 
Poncher and Milles 

The duplication may communicate with the adjacent intestine at one or 
more points, or not at all Only two of the 18 cases repoited by Ladd and 
Gross^® had such an opening Five of our six cases communicated with the 
normal bow'el From a study of our cases and a partial survey of the liter- 
ature, It seems that in the elongated type the duplication usually communi- 
cates with the contiguous normal intestine near its distal portion and ends 
blindly m the mesentery in its proximal portion 

The structure of the duplication is essentially that of the gastro-intestinal 
tract, the wall being made up of mucosa, smooth muscle and serosa The 
mucous membrane is not necessarily the same as that of the adjacent segment 
of intestine In three of our cases it was entirely gastric, in one it was gastric 
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and small intestinal, in one it was duodenal and m one it was mixed, contain- 
ing gastiic, small intestinal, colonic and common bile duct mucosa 

The occurrence of ectopic gastric mucosa is often associated with ulcers 
and bleeding However, bleeding may occur with apparently intact mucous 
membrane (Cases 5 and 6) Acute perfoiation has been repoited by Black 
and Benjamin" Perforation of an ulcei, with the foimation of a fistula into 
the small intestine, piobably occurred eaily in the disease m one of our 
cases (Case 6) 

It is curious that in two of oui cases (Cases 2 and 6), the resected normal 
intestine resembled jejunum more than ileum on pathologic examination 
although the external appearance and relations, as seen at operation, were 
definitely those of ileum We have no explanation foi this observation nor 
have w e found any reference to it in the literature 

Chincal Findings — The incidence of this condition is difficult to determine 
Certainl} , it is rare The fact that u e operated upon six cases in a period of 
18 months, and that they are being moie frequently reported by others, leads 
us to believe that these abnonnalities may not be as rare as previously 
supposed 

Duplications are usually found in infancy and childhood, but they have 
been reported in older patients Our youngest patient was three months * 

old at operation, the oldest was 12 years 

Most of the duplications are found in males, thei e being only an occasional 
case reported in females All of our patients were boys It is of interest to 
note that 85 per cent of the reported cases of Meckel’s diverticulum are in 
males, and almost all those associated with bleeding are in the same sex ^ 
There are no characteristic symptoms caused by this anomaly, and a cor- 
rect diagnosis is rarely made before operation It may not cause any symptoms 
and ma} be discovered as an incidental finding at autopsy However, it fre- 
quentl}^ causes serious s}mptoms In four of our cases, severe intestinal 
hemorrhage was the first sign (Table I) Intel mittent abdominal pain may be 
a feature, as in two of the cases In one of these it was probably due to intus- 
susception of the duplication (Case 3) Palpation of an abdominal mass is a 
common finding in the series reported by Ladd and Gross One of our most 
unusual cases (Case 4) presented a fistula which followed incision of a pal- 
pable abdominal mass at another hospital In none of our other cases vvas the 
duplication palpated preoperatively The anomaly may lead to intestinal 
obstruction by encroaching on the adjacent bowel, by taking part in a vol- 
vulus as in one of Hudson’s^'* cases, or by forming the leading point of an 
intussusception, as in a case reported by Ladd and Gross,-” and one presented 
by Kimpton and Crane There may be severe anemia in the bleeding cases 
Malnutrition may be an important part of the picture in some instances. 

Roentgenologic findings are not characteristic The diagnosis is only 
rarely suggested by displacement of the normal bowel by an abnormally sit- 
uated air-contaming viscus The duplication is not outlined by barium 

In the differential diagnosis, Meckel's diverticulum, intestinal polypus, 
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mesenteric in ogcnitcil cyst, deimoid oi teiatonici, liydcitid cysts and pan- 
creatic cjsts are to be considered Meckel’s diverticulum with hemorrhas^e 
was the preopeiative diagnosis in foiii of our cases With this expeiience, we 
now think of duplication as frequently as we do of Meckel’s diverticulum in 
cases of intestinal hemoi rhage 

Tieafmenf — The tieatment m all instances is surgical and should consist 
of resection oi excision of the anomaly In the majorit} of cases, the dupli- 
cation IS intimately attached to the contiguous bow el and separation is impos- 
sible without enteiing the lumen Fuitheimoie, the blood supply is usually 
common to both the duplication and the adjacent intestine The malfoimation 
lies betw een the leaves of the mesentery wnth the mesenteric vessels coursing 
ovei It, anteiiorly and posteriorly, and then supplying the contiguous normal 
bow el distally For these reasons, resection of the duplication alone is usually 
impossible and resection of the adjacent bowel is also necessary This w'as 
done in five of oui cases Rarely, the duplication is entiiely separate from 
the ahmentaiy tract and may be excised alone without compromising the 
blood supply to adjacent stiuctures This w'as accomplished in one of 
our cases 


Tabie I 

DUPIICATIONS OF THE \UMCNTAR\ TRACT* 
Presenting 


No 

1 

Age 

12 yt« 

S> mptoms 
Bleeding 

Location and Size 
Terminal ileum 

3 X 2 \ 2 cm 

Tipe of Mucosa 
Gastric and small 
intestinal 

Treatment 
Resection and 

anastomosis 

2 

3 mos 

Bleeding 

Terminal ileum 

32 cm long 

Gastric colonic com 
mon bile duct small 
inteslim! (jejnnaU) 

Resection and 
anastomosis 


S jrA 

Pain and 
bleeding 

Teimintl ileum 

1 \ 2 \ 2 cm 

Duodenal 

Resection and 
anastomosis 

4 

10 mos 

Mass and 
fistula 

Gastrohepatic omentum 

3 3 cm in diam 

Gastric 

Excision 

5 

3 mos 

Bleeding 

Terminal ileiim 

Is 3 cm long 

Gastric 

Resection and 

anastomosis) 

6 

6 \ f'' 

Bleeding 
and pmn 

Terminal ileum 

40 cm long 

G'lStric 

Resection and 

ana«5tomos s 


* Table of Cases listed in their chronologic order of operation and corresponding to 
the C ise mimbers in the tect 


All patients made an CACellent recoreiy 

Opeiations of lessei magnitude, such as marsupialization of the duplica- 
tion, with subsequent destiuction of its mucosa, or the piocedure presented by 
Gardner and Hart“ of ci eating a wnndow between the anomaly and the adja- 
cent bowel, may be necessaiy because of the pool condition of the patient or 
the location of the anomah 


SUMMARY 

I Six cases of duplication of the alimentary tiact are presented Success- 
ful lesection of the anomaly togethei with the contiguous intestine was 
accomplished in five and excision w^as performed in one 

302 


^oIlnnp 12G 
Ivuniboi J 


DUPLICATIONS OF ALIMENTARY TRACT 


2 The condition is inoic coninionly seen in mlancy diid childhood than in 
the oldei age-i(i onp, and moie commonly in males than in females 

3 Jt is suggested that diiiihcations of the alimentary tiact aie not as rare 
as pieviousl} supposed and should always be consideied in the diffeiential 
diagnosis of massne intestinal hemoirhage in the youngei age-gioup Four 
ot our cases pi esented sevei e hemoi i hage as the fii st s} mptom 

4 With piopei preoperatne management, lesection or excision of these 
anomalies can be peifoimed with complete relief of s}niptoms 

We aie greath indebted to Dr Dorotin H Andeiscn, Associate Pathologist at 
Babies Hospital, for her kind assistance wntli the pathologic repoits and for the 
photographs 
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A PSYCHIATRIC STUDY OF SIXTY-ONE 
APPENDICECTOMY CASES* 

Smiley Blanton, M D ,t and Virginia Kirk, M.S t 

NASHMI-I-n, Tekn- 

FROM THE DEPARTMENTS OF MEDICINE AND SURGERA, VANDERBILT UNIVERSITY MEDICAL SCIIOOl 

NASHVILLE, TENNESSEE 

Surgeons, and the medical piofession generally, have long leahzed that 
emotional distinbances of varying depth and intensity may accompany dis- 
ordeis requiring surgery Maiked anxieties, h}steria, and a vdiole catalog of 
neurotic manifestations are commonly encountered, both preoperatively and 
to a lessei extent, postopeiatively Until quite recently, however, the nature 
and origins of these emotional disturbances were not fully appreciated They 
M^ere eithei completely neglected, or regarded meiely as natural by-products 
of a surgical expeiience admittedly harroMung to the patient 

In Januar}q 1943, the Depaitment of Surgery of Vanderbilt University 
Medical School, vutli a view to nudening the borders of knowledge in this 
field, began a study of ceitain surgical problems where the emotions seemed to 
play a role The puipose of this study vas to discover, clinically, hoM the 
emotions enter into the etlolog}^ treatment and convalescence of surgical 
patients and to determine ho\v psychiatry can aid the surgeon in curing the 
patient Implicit is the assumption that every sick person has a psychologic 
as well as a somatic aspect to his illness 

This paper is based on the study of 6r consecutive admissions of patients 
operated upon for appendicitis 

DESCRIPTION OF PATIENTS 

Our patients were white men and women, all between the ages of 16 and 
55, from the Middle Tennessee hill section They showed a -wide variation in 
schooling and intelligence The fact that most of these patients, and their 
parents before them, were more or less permanent m their residence made it 
easier to get complete family histones and to carry on follow-up studies 

The majority of the Middle Tennessee hill people are of Scotch-English 
descent , their native reserve and emotional control is somewhat comparable to 
that of the American Indian Whatever attitudes of fear, anxiety and grief 
that the patients might hold, they usually appeared calm and unperturbed 
Occasionally their reserve was so gieat as to be virtually impenetrable Nev- 
ertheless, since the authors have lived in this section, our rapport with patients 
was usually sufficient to enable us to detect their emotional motivations, allav 

* Aided by a grant from the Rockefeller Foundation 
t Associate Professor of Clinical Psychiatry 

t Instructor in Clinical Psychology, Vanderbilt University Medical School 
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much of their preoperative voii}' and help in doing away with postoperative 
anxiety 


PROCEDURE 

We could only occasionally make preoperative psychologic studies, since 
most of the patients weie operated upon as soon as possible after a diagnosis 
of appendicitis had been made Usually, though, we could see the patient 
briefly before operation and observe him for signs of anxiety For the most 
part, we w^ere able to take some steps tow'ard relieving this anxiety and make 
the patient’s adjustment to the operation easier 

Then, about 12 hours after the opeiation, systematic psychologic studies 
were begun We secured personal and family histones from the patients and 
their relatives These histones brought out many details wdiich bore directly 
or indirectly upon the understanding of patients’ emotional adjustment 

The use of the Wechsler-Bellevue and Stanford-Binet intelligence tests, 
not only gave us the level of the patient’s geneial intelligence but also told us 
much about his patterns of belief and his reactions to failure, success, praise, 
fatigue and illness The leactions of the patients to test material gave evidence 
of the presence or absence of anxiety , if anxiety w as present, w e had to decide 
w'hether it was tempoiary or associated wuth some basic personaht} picture 
We also made consistent use of the Roischach method to gam a knowdedge 
ot the patient’s basic peisonahty trends and deviations which were, m turn, 
leads foi further clinical investigation 

After all psychologic studies w ere finished and the case history as complete 
as possible, w e studied the data and then began psychiatric interview s wath the 
patient Often these interview's lasted ovei several w'eeks We encouraged the 
patient to talk about his home, his relationships tow'ai d his family and friends 
his w'ork 01 school experiences — anything in his life which might have a 
bearing on his attitude toward the illness We discussed the patient’s dreams, 
moods and thoughts We had the patient describe his anxieties before the 
operation, his attitude tow'ard the anesthesia and anxieties after the operation 
We carried on a sort of modified mental analysis, by which we w'ere geneially 
able to resolve many of the patient’s worries and help him through his con- 
valescence Naturally, if anxiety is aroused, one factor m the patient’s recov- 
ery is his ability to handle this anxiety 

also obtained the surgeon s view s on the patient s physical condition 
and emotional attitudes The observations of the psychiatiist, the psychologist 
and the surgeon weie all taken into consideration This combination provided 
a basis for coming to grips with the problem of anxiety and its relation to the 
experience of an appendicitis operation 

MEANING OI THE OPERATION 

The present-day attitude of the public tow ard sui gerj' has an important 
bearing on the attitude of the individual patient As recently as 20 yeai s ago, 
people felt that w'hen a person w'as taken to the hospital to be cut open he w'as 
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as good as dead Today, the public, even in these backwaid hill sections, has 
confidence in the suigeon Conscious anxiety ovei the outcome of an operation 
IS materially lessened, and the individual patient facing a suigical operation 
has little feai that death will lesult 

Anxiety lemains, hovevei, m the nnconscwns mind In his unconscious- 
ness the patient sees the sui gical opei ation as an attack upon his safety, which 
IS to lesult in a giievous wound upon his body To consent to such a thing 
the patient must leach a stage of complete acceptance He will have to put 
himself entiiely m the hands of the suigeon, and when geneial anesthesia is 
used, he w ill hai e to be w ilhng to allow' himself to be made unconscious Even 
though his conscious mind may see the necessity of the course, the unconscious 
mind often cannot achieve the passnity necessaiy to accept such a death-like 
state w ithout some feai and opposition 

To countei balance this how’evei, othei attitudes influence the degiee of 
this fear and opposition Foi instance An opei ation is an exciting event m 
the life of a peison whose emotional outlook is limited, it is a diamatic episode 
that gives tempoiaiy sui cease fiom the haul work and dullness of a life of 
poverty, it necessitates attention and caie Often such consideiations aie so 
strong that the patient w’elconies the opei ation Again, a ceitam type of 
neurotic patient may welcome an opei ation because, to the unconscious mind, 
it lepiesents a physical punishment Such patients ha\e cained over fiom 
childhood a deep-seated sense ot guilt foi some leal oi fancied sin So, to the 
unconscious mind, the opei ation is a means of atonement 

To atone for such a sin, a ceitain kind of neuiotic patient has an uncon- 
scious wash to be emasculated To such a patient iemo\al of the appendix is 
a symbol of emasculation and results in a feeling of satisfaction To some 
neuiotic w'omen the appendicectomy repiesents an aboition oi a delivery It, 
therefore, fulfills an unconscious wish 

Most people lealize that the appendix is a useless oigan wdiich may, wutli- 
out notice cause them illness Therefoie, when the pain and inconvenience 
aie ovei, the average person is glad to be iid of such a potential tin eat of 
disease All too frequently, how'evei , the patient’s attitude is iiiai kedly neui otic, 
chaiactenzed by intense feai, depression, anxiety and hysteiical symptoms 
During our psychiatiic interviews wuth the 6i patients, w'e endeavoied to find 
the basis foi these attitudes Then we went about reoiienting the patients by 
giMiig them some insight into then iDioblems 

RATINGS 

For this study we classified the patients according to their degiees of 
anxiety, rating them as A, B, C, D and E (Table I) The anxiety of patients 
m the fiist three ratings is considered non-neuiotic The last tw'o latings aie in 
the neui otic range 

In Rating A falls the patient wuth no particular anxiety Such patients 
thought of little besides their severe pain, and the opei ation, even though it 
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might Otherwise have held some dread, was welcomed as a lelease from the 
pain Twenty-three per cent fell in this group 

In Rating B are those who showed a certain amount of anxiety before the 
operation, as evidenced by their anxious facies, vasomotor instability, over- 
talkativeness, etc These patients reacted very well postoperatively and regained 
their physical and mental equilibrium with ease Fifteen per cent fell in 
this group 

A third gioup of patients, in Rating C, has a considerable amount of 
1 ep) essed anxiety when relieved from the severe pain which they were suffer- 
ing Part of this was derived from a definite cultural pattern, since these Ten- 
nessee hill people habitually repress emotional expression Thirteen per cent 
fell m this group 


Table I 

PATIENTS B\ RATINGS 



Number 

Per Cent 


of Patients 

of Patients 

Non neurotic 



(A) No marked anxietv 

14 

23% 

(B) Preoperative anxiety with postoperative relief 

9 

15% 

(Cl Repressed anxietv with welcome relief from pam 

8 

13% 

Neurotic 



(D) Hystencal reaction (anxiety hysteria) 

(E) Marked anxiety aroused not relieved postoperatively 

11 

18% 

(anxietv neurosis) 

19 

31% 

Total 

61 

100% 


Then, in the decidedly neurotic range is Rating D, composed of patients 
who reacted with an hysterical pattern Such people often showed marked 
anxiety and fear The convalescence of those in this rating depends consid- 
erably upon the attitudes of their families and those about them They were 
usually emotionally dependent persons, whose hysterical attitudes had been 
nurtured by their families since early childhood In this group, too, fall many 
of the well-known surgical cases where physical symptoms are produced 
directly by an emotional conflict In other cases the hysterical reaction is not 
quite as clear-cut Sometimes the operation obscures this hysterical reaction 
for the time being Thus, it is only aftei lecovery that we can detect the 
basic hysterical pattern Eighteen per cent fell m this group 

Finally, in Rating E are a certain number of patients who reacted with 
marked anxiety These patients had an anxiety neurosis of long-standing 
which was heightened by the experience of a surgical operation Such a patient 
leaves the hospital with an additional psychologic handicap The wound heals 
but the anxiety is increased and the pain often remains Thirty-one per cent 
fell in this group 
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DIAGNOSTIC GROUPS 

To compaie the actual illnesses of these variously reacting patients, their 
disorders are classified into two groups (Table II) Group I includes the 
cases of (i) acute appendicitis, and (2) other cases of abdominal disease suffi- 
ciently serious to cause an appendicitis-like pain in the right lower quadrant — 
such disoiders as ileitis, luptured graffian follicles, cystitis, pyelitis, etc 

In Gioup II fall the cases of (i) chronic recurrent appendicitis, so classi- 
fied when there had been some history of appendicitis attacks but where no 
acute inflammation of the appendix w'as found at the time of operation , and 
(2) undiagnosed disease of the abdomen, so named when neithei the surgeon 
nor the pathologist repoited any gross 01 microscopic lesion in the appendix 
and where no other pathologic condition of the abdominal organs was found 
All of the patients in Gioup II, ii might he noted, weie in the D and E latings 
— the neiaotic lange (Table III) 


Table II 


PATirsTS ns DIAGNOSTIC CROUPS 


Group I 

(1) Acute appendicitis 

(2) Other abdominal disorders 

Subtotal 
Group 11 

(1) Chronic recurrent appendiatis 

(2) Undiagnosed disease of the abdomen 

Subtotal 

Total 


Number 

Per Cent 

of Patients 

of Patients 

36 

59% 

8 

13% 

44 

72% 

4 

7% 

13 

21% 

17 

28% 

61 

100% 


CASE REPORTS 

Case 1 — ^An example of Rating A was No 47, a 17-year-old girl, of good intelligence 
Slight and undernourished, she had a very difficult life Child of separated parents, she 
worked in a factory eight hours a day and then came home to four or five hours of 
housework She had recently had an even more difficult time of it when her sister had 
been in the hospital with appendicitis While her mother cared for the sister, the girl 
had to pay the expenses of her sister’s operation out of her own meager wages Psycho- 
logic tests revealed stereotyped, immature responses, but not those of a person with any 
hysterical mechanism Her condition was acute appendicitis, and she was suffering so 
much pain that she welcomed the operation without apparent anxiety She complained 
very little, said she was not frightened, and the postoperative course was uncomplicated 

Comment Apparently to this patient the operation meant a relief from 
her hard, ugly, everyday life It meant good care and attention with a wel- 
comed release from pain Her attitude toward surgery was entirely non- 
neurotic 
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Case 2 — ^Rating B js well illustrated by No 58 This patient showed a great deal 
of anxiety before the operation, knowing something of the circumstances of her life we 
could have mistaken her illness for an hysterical mechanism to escape marriage The facts 
^\ere, however, that she and her fiance had consummated their marriage the week before 
and were to haie been married on the day of her operation Feeling that she was already 
married in all but name the patient had the feeling of being torn from matrimony and 
this was the apparent cause of her worry She was a spoiled only child, quite stubborn 
and negatne Her medical history showed se\eral previous attacks of appendicitis, but 
she had refused to ha^e the operation perfoimed until the condition became acute and 
the appendix was ruptured After the operation the patient made a rapid recovery 

Comment Though the eftect of the opeiation had been to aiouse anxiety, 
this patient had the resomces to legain emotional equihbiiuin quickly She 
was very pioud of the successful t\a\ she came thiough the ordeal 


Table III 


PATIE^TS B\ TATINGS \XD DIAGNOSTIC GROUPS 


Group I 
( ‘\ppendicitis) 


Group II 
(Not appendicitis) 


Ratings 

No Pts 

Non neurotic 


(A) 14 

(B) 9 

(C) 8 

Subtotal il 

Neurotic 

(D) 0 

(E) 13 

Subtotal 13 

Total 44 


I er Cent 

np ru^ 

Ter Cent 

32% 

0 

0% 

20% 

0 

0% 

18% 

0 

0% 

70% 

0 

0% 


0 

11 

65% 

30% 

6 

35% 

30% 

17 

100% 

100% 

17 

100% 


Case 3 — No 25 was a good example of Rating C, show'ing a good deal of repressed 
anxieU but remaining m the non-neurotic range This was a boy, age 16, reared in a 
primitive community , suspicious of strangers and new' situations His appendix w'as found 
to be gangrenous and perforated and, after the operation, the patient had a difficult tune 
for seteral dats Psvchologic tests showed a great amount of anxietv and fear but this 
was inhibited One incident illustrated the bo>’s reserve and suspicion He laj' on his 
arm for so long that his hand became temporal ilj' paraljzed but he said nothing about it 
until the condition was accidentallj discovered the psychologist The patient’s dread 
of the operation was overcome by severe pain, so that he repressed, or blocked-ofT, his 
anxiet} During his coinalescence he was less sullen, almost cheerful, and after a time 
said he felt all right and wanted to go home 

\\ e come now to some examples of patients At ho reacted to surgeiy in a 
neurotic Atay and patients Athose neuiotic patterns actually gave use to their 
pliA sical symptoms 
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Case 4 — An interesting example of Rating D (those patients with an hysterical 
pattern) was No 12 This was an intelligent Army student who w'as taking a course m 
meteorologj" at Yanderbilt Unnersitj Psjchiatnc interviews show'cd that he was abnoi- 
mall\ attached to his mother and that, as a defense against this, he had turned his 
affections toward his father His medical histoij showed a predilection tow'ard upset 
stomach and mucous colitis The \asomotor sjstcm showed some instability 

The patients illness was real enough, with acute pain, tenderness, and nausea 
Wlnle the surgeons were not sure that he had appendicitis, they considered the fact 
that he was m the Army and might ha\c an attack at some future time less favorable for 
operation Thus, the} agreed to operate, and found that the appendix was entirely normal 
The boj s attack appears to ha\ e been of In stcncal origin, abetted b} suggestion Several 
of his Amn friends had had their appendices icmoeed and he had discussed the operation 
with them Thej all agreed that it was a good thing to ha\c the appendix out, because 
thee might ha\e an attack sometime while thc\ were oeerseas and away fiom a hospital 
(Latent homosexualit\ a desire to “be like his buddies,” may have been an element here ) 

CoAtMHXT The suggestibilit} of this patient was a factor in his short and 
satisfactory convalescence He accepted psychotherapy leadily We talked 
o\ er the case w ith him quite frankly so that he w as much better fitted to meet 
his emotional situation than he wab befoie he came in 

What attitude should the surgeon take tow ai d patients w ho show symptoms 
of appendicitis and undergo operations but wheie there is no disease of the 
appendix^ The Surgical Staff at Vandeibilt Umveisity Hospital believe, and 
we concur with them, that m such cases the facts should be revealed fiankly 
to the patient if his intelligence and emotional make-up peimit The hysterical 
mechanism should be thoioughly explained to the patient so that he wnll be 
able to meet life on a less neurotic basis If this is not done, the chances are 
that the pain will return and theie will be symptoms which may expose the 
patient to more surgeri 

The soldier patient desciibed abo\e was an intelligent young man, with 
whom we were able to work eftectneh Howevei, moie than half of the 
patients, m w horn w e found no disease of the appendix, w ere mentally defective 
or borderline cases With persons of such limited intelligence, complete frank- 
ness IS not desirable since it w^ould only create further anxiety But even such 
patients can be helped by suitable psychotherapy 

Case 5 Also m Rating D was No 32, a young woman whose illness represented 
an hysterical attack She w’as a woman of dull-normal intelligence, whose hysteria arose 
from her compelling wish for a child, long frustrated because of her husband’s impotence 
She had separated from her husband and w'as living with another man She pictured the 
operation m her mind as being the delivery of a child Her appendix, on remo\al, was 
found to be entireh normal It was a case of phantasj pregnane}", hysterically motivated 

Case 6 — No 10 illustrates Rating E, including patients with severe anxiety neurosis 
This was a 27-} ear-old w'oman whose history of w'eight loss, nervousness, and slightly 
enlarged thyroid suggested hyperthyroidism She had acute inflammation of the appendix 
with gangrene of the distal half She also had pyelitis on the left side The patient was 
ver} tense and suffered considerably after the operation On the fourth day she was 
taken with a deep anxiety about her children at home, and insisted on leaving the hospital 
to go to them The children w ere being adequately cared for by the patient’s sister and 
there was no need for her anxiety 


311 



BLANTON AND KIRK 


\niials of Siirki 
Septcmbci I'JJT 


Psychiatric interview brought out the fact that she had once induced an abortion 
She felt, she said, that she had committed a great sin She had asked God a thousand 
times to forgive her She had never wanted children and was reluctant about having 
marital relations because of her fear of pregnancy Our psychiatric interviews showed 
that she had definite death wishes toward her children and as a result felt a deep guilt 
Unconsciously, the operation represented some atonement for sin 

CoMMLNi This patient is an example of the bodily punishment attitude 
some neurotic patients display toward surgery, and one in which we had most 
gratifying success We explained to her the basis of her anxiety, and she had 
some conferences with a minister who is familiar with psychiatry When she 
was seen again about thiee months latei, she had gained weight, looked years 
) ounger, and seemed to be almost entirely free of her former anxiety 

Case 7 — No 43, a 34-year-old male, fiom an isolated rural section, who had symp- 
toms of appendicitis, was another case in Rating E, but whose appendix was found to be 
normal He was a sexually maladjusted person with a long-standing anxiety neurosis 
He complained that his wife “ran around”, he had erotic pictures tattooed on his arms, 
and he suffeied from a feeling of sexual inadequacy coupled with a marked sense of guilt 
for what he considered sexual transgi essions in the past Psvchiatric interviews with this 
patient brought out the fact that he had an unconscious wish to be castrated m order to 
atone for his guilt and resolve his sexual maladjustment He feared castration, also, but 
the wish was stionger than the fear His neurosis took the form of an appendicitis 
attack, but to his unconscious mind the operation connoted emasculation A month after 
he left the hospital he said he was “puny” about the legs and hips, and complained of being 
“no good” 

Patients tMth neurotic patterns do not invariably react to surgery with 
anxiety, however Patient No 17 (Case 7) is an instance in point 

Case 7 — No 17 This patient was an extremely neurotic man, who reacted to 
surgery without the least anxiety — m fact with great pleasure 1 He was an hypochondriac 
who had been coming to the hospital for 20 years with one complaint or another Pam 
in the chest, smothering spells, palpitation of the heart, dyspnea and precordial pain, 
especially pain in the epigastrium, “spreading all over the abdomen” was the way his 
medical chart read He was always having trouble with his “stomach ” One afternoon 
he came in with especially severe pain m the lower right quadrant The intern, knowing 
his neurotic history, gave him some sedative pills and told him fo come back in the 
morning In the morning, the examining surgeon ordered the man to the operating room, 
where it was found that the appendix had ruptured He remarked, sagelj', that appen- 
dicitis was a bad thing for a neurotic to have 

Coming out of the anesthetic our patient was a happy man His attack of honest-to- 
God appendicitis proved that he had really been sick all those years “I always knew 
there was something wrong with me,” he exulted “I always knew there was something 
there that needed to be cut out with a knife ” 

A postscript to this case is that after being sent home the patient had a recurrence of 
the characteristic pain he had before his appendicectomy He is not yet cured 

CONCLUSIONS 

The surgeon should not be satisfied with only a mechanical opeiation upon 
the body which often fails to get the patient well This is true whether the 
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patient has an acute ''Uigical a\ wlietliei he is showing h3steiicalh 

originated simptoms simulating a suigical disease A cure can be best assured 
when the suigeon-psvchiatiist team caiiies out the follownng steps 

(1) Preoperative It is impoitant in cveij case that the surgeon talk with 
the patient befoie the operation, explaining wdiat the operation consists of, the 
comparative lack of dangei, and the procedure following surgeiy Where 
there is a sui geon-psj^chiati ist team, the psychiatiist can also help in this 
work This has a vei} desiiable effect on the patient by reducing his pieoper- 
ative w'orry, sometimes almost to zei o 

(2) Postopeiatne Psjchologic studies continuing after the opeiation wall 
indicate the amount and type of postoperative treatment requiied In cases of 
hysteria where there is no clinical or pathologic abnormality found, it is essen- 
tial to have some psychotherap) after the operation 

(3) Follow-up In cases of deep-seated anxiety, it is evident that the 
patient should have follow -up treatment after he leaves the hospital, with visits 
by a social w orkei wnth psychiatric understanding, and possibly wath continued 
visits to the psychiatrist ithout the follow'-up ti eatment the patient’s recov- 
ery will not be complete, 1101 his adjustment adequate 

This article coieis only a nairow gioup of suigical cases — those patients 
suffering from appendicitis If it show s that the sui geon needs a psychiatrist- 
psychologist-social worker-team in this emergency illness, how much more 
must this be ti ue in chi onic cases like tumors, ulcei s, cancer, tuberculosis and 
bone diseases, wheie the patient’s attitude is even moie a factor in treatment 

Psychotherapy may not only prevent an unnecessarily piolonged con- 
valescence after necessary operations but may reduce the number of patients 
having repeated unnecessary operations because of recuiience For deter- 
mining the importance of ps} chotherapy in surgery it seemed best to begin 
wath a study of emotional attitudes of patients before, duiing and aftei surgery 
This is not so clearly shown in the gioup of patients selected for this paper but 
wall be demonstrated in other groups of less acute surgical cases studied by the 
authors, and w'hich will be discussed in subsequent reports 

It w'as found that these psychiatric studies could be carried on m the wards 
of the Vanderbilt University Hospital with the full cooperation of the attend- 
ing staff, residents, interns, nurses and, also, significantly enough, of the 
patients We might point out that there was not a single case of objection to 
the program by a patient, and, in fact, many who w^ere not included in the 
study felt that they had been neglected Theie was not, as some had feared, 
friction among the staff members in relation to this study 

Most gratifying to all w as the fact that the study interfered in no way with 
the vital relationship betw^een patient and surgeon This relationship, in con- 
clusion, IS as important as anything else in surgical treatment The psychiatrist 
calls It emotional transference In quite simple terms it means the patient’s 
confidence, faith and trust in the doctor Without this transference — this 
rapport — the patient’s anxiety is likely to be a serious obstacle to smooth 
recovery The patient is likely to have more pain before operation, to have 
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uioic difficulty with anesthesia, to be less lelaxccl dining the opciation, to 
have more pain afteiwiiids, and to have a longci convalescence Of couise, 
the older, experienced suigeon knows instinctively the importance of this 
tiansfeience, and acts aeeoidingly But what we aie attempting to do is to help 
the younger surgeon gain this technic w'lthout having to pick it up by years 
of experience The presence of the psychiatiist at the surgeon’s light hand, 
fai fiom mteifenng with this tiansfeience, helps to make it moie effective 
Of couise, wdieie a psjchiatiist is not available, it lests with the suigeon 
to do the wdiole job of establishing rappoit with the patient and dispelling his 
feais But m laige, busy wards, the psychiatiic team is an essential part of 
the suigeon’s staff, if the surgeon’s aim is to heal the patient rathei than 
simply to see him lecovei fiom an opeiatne wound 

Vanderbilt Univeisitv 
School of Medicine, 

Nasluille, Tenn 
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LOCAL PENICILLIN THERAPY IN SURGICAL INFECTIONS'' 
H J AIcCorkli:, M D , and Helen Warmer, A B 
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Iv \ SERIES of 142 patients with suigical infections tieated with penicillin, 
17 lecened local penicillin theiap\ alone 53 lecened a combination of local 
with s}steinic penicillin therapx, and 72 leceived only systemic penicillin 
therap} 

Local penicillin theiap\ pi owed equallj eftective m the tieatment of 
localized areas of infection and in the tieatment of accessible localized foci 
associated with s}stemic manifestations of infection, paiticularl}" when the 
lattei weie m pooih ^ asciilaiized aieas 01 contained much nonviable, necrotic 
matei lal Often the w ell-localized readily accessible infection could be treated 
with local penicillin therap} alone When accessible septic foci and systemic 
manifestations of infection weie combined, local and s}stemic therapy weie 
eftectnel} gnen concomitantl} Also in the pioplnlaxis of infection in opei- 
ations in contaminated 01 infected fields a combination of local wuth systemic 
penicillin therap} pioAed useful Patients with s}stemic manifestations of 
infection or other ^igns of incomplete localization of infection always leceived 
s} stemic treatment w ith penicillin 

Wherever it was possible to use local penicillin tlieiap} alone 01 111 com- 
bination with s} stemic penicillin theiapy, this tieatment appealed to be more 
eftectue and more economical than the use of s} stemic penicillin therapy 
alone Often penicillin-sensitn e infections were controlled readily wuth rela- 
tnely small doses of penicillin in concentrations of only 100 to 200 units pei 
cubic centimeter of ph}siologic saline Relativel} more resistant strains of 
organisms, which could not have been reached with the concentrations of 
penicillin obtainable in the blood stream by s} stemic therapy, often could be 
controlled by inci easing the concentration of solutions given locally to several 
thousand units per cubic centimetei Foi most local therapy, concentiations 
of 100 to 500 units of penicillin per cubic centimetei of physiologic saline w^ere 
used, but often concentrations of 5,000 to 10,000 units and occasionally concen- 
trations of 25,000 units per cubic centimetei were used The use of high con- 
centrations of penicillin in soft tissue defects apparently caused no harmful 
effects, but was avoided unless necessaiy Concentiations in excess of 1,000 
units of penicillin per cubic centimeter of physiologic saline weie never used 
m areas that communicated wuth the central nervous system or the linings of 

* The work described m this paper w'as done under a contract, recommended by the 
Committee on ^Medical Research, between the Office of Scientific Research and Develop- 
ment and the University of California Dr John S Lockrwood, Chief of Division of 
Surgerj", National Research Council, ga\e important suggestions for this w'ork 
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serous cavities, unless the infected area was walled-off from the normal tissue 
by a well-established wall of granulations or pyogenic membrane 

It was necessary to observe very strict aseptic precautions during dressings 
dnd injections to avoid the introduction of penicillin-resistant organisms into 
the area under treatment The normal processes of autolysis appeared to 
resolve nonviable debris quickly, once the infection was controlled with local 
penicillin therapy in small, well localized infected areas, but resolution occurred 
more rapidly if the debris was removed by some mechanical method, such as 
aspiration or surgical operation In larger areas, and particularly in very 
irregular areas containing numerous ramifications, the use of surgical methods 
to eliminate nonviable tissue and other debris resulting from infection was 
found to be necessary 


Table I 

RECORD Ob A PATIENT WITH AN ABSCESS OF THE SCALP FROM HEMATOGENOUS OSTEOMYELITIS 
OF THE OCCIPITAL SKULL TREATED WITH ASPIRATIONS OF PUS AND LOCAL INSTILLATIONS OF 
PENICILLIN SOLUTION (5 000 UMTS PER CC ) FOR INVESTIGATIONAL PURPOSES SYSTEMIC 
PENICILLIN THERAPY WAS WITHHCI D UNTIL THE ABSCESS W\S CONTROLLED WITH LOCAL 

THCRAP\ 




Penicillin 

Bactenologic 

Date 

Matenal Aspirated 

Dosage 

Culture 

9-21-44 

12 CC thick yellow pus 

25 000 units 

Hemolytic Staph aureus 

9-22-44 

5 CC hemorrhagic yellow pus 

25 000 units 

Hemolytic Staph aureus 

9 23 44 

7 CC thin hemorrhagic pus 

5 CC thin hemorrhagic pus 

25 000 units 

Sterile 

9-24-44 

25 000 units 

Stenle 

9-25 44 

2 CC thin turbid slightly hemorrhagic pus 

25 000 units 

Sterile 

9 26-44 

1 5 CC thin turbid brownish fluid 

10 000 units 

Stenle 

9 27-44 

1 5 CC thin turbid yellow fluid 

10 000 units 

Stenle 

9-28-44 

Few drops of thin blood stained fluid 

2 000 units 

Stenle 

9-29-44 

1 CC thin yellow fluid 

10 000 units 

Sterile 


Usually local instillations of penicillin solution once or twice daily sufficed 
to control, in a few days, infections in walled-off abscesses or m wounds that 
had been closed In wounds that were open or partly open, penicillin solutions 
did not remain in contact with the infected areas long enough to be effective, 
and It was more desirable to dress the area once or twice daily with an oint- 
ment or jelly containing penicillin (usually 500 to 1,000 units of penicillin per 
Gm ) , rather than to attempt frequent dressings or instillations of penicillin 
solutions In the presence of penicillin-resistant organisms it was preferable 
to remove the purulent secretions from the wound and instill penicillin solu- 
tions at more frequent intervals, usually three to six hours apart On two 
occasions local therapy was given by continuous slow drip infusion (100 units 
per cubic centimeter of physiologic saline solution), and this method was 
effective, but cumbersome In some wounds heavily contaminated with organ- 
isms that were markedly resistant to penicillin, other agents had to be used 
to control the infection 

Effective local penicillin therapy required the seiwices of skilled personnel, 
and the procedures associated with local treatment with penicillin often con- 
sumed much of the time of the attending surgeon In small, well-localized 
areas of infection, such as small abscesses, the procedure of aspiration and 
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local instillation of penicillin solution N\as applicable (Tables I and II) The 
skin was piepaied In cleansing with a deteigent solution A steiile tiay con- 
taining two s}iingcs and seveial sizes of needles was piepaied and aseptic 
piecautions weie obsei\ed thioughout the pioceduie The penicillin solution 
was diawn into one sinnge, which was tempoiaiily placed aside With the 
second sciinge and a fine needle, a small piocaine wheal w^as made in the 
skin at the pioposed site of aspnation and the deepei tissues w^ere anesthetized 
if necessary, then a largei needle (usually No i8 or i6) w^as applied to the 
S3imge and mtioduced into the infected area, and as much of the purulent 
mateiial as possible was aspiiated The contents of this syiinge were used foi 
bacteiiologic cultuies The s}ringe containing the penicillin solution w^as then 
fitted to the needle and the abscess ca\ ity pai tly filled w ith penicillin solution 
The amount of penicillin solution mtioduced into the abscess cavity usuall}- 


Table II 


RTtORD or A PATIENT \MTI! A CERMCAL ABSCESS ARISING EROM OSTEOM^ El ITIS OE THE 
TREATED n\ ASPIRATION OE PUS AND 1 OCAL INSTILLATIONS OE Il-NICILLIN 
SOLUTION (5.000 UMTS PER CC ) NO S\STEMIC THERAPY 




Matcnal 

Penicillin 

Bactenologic 

Due 

Tcmpemture 

Aspirated 

Dosage 

Culture 

5-2-45 

102° r 

38 c(. thick foul gray- 
ish pus 

SO 000 units 

Anaerobic Slaph and Strep, 
Actniomyees Bacteroides and 
fusiform Bactllt 

5 5-45 

Normal 

45 CC more fluid hemor- 
rhagic purulent material 

25 000 units 

Anaerobic Staph and Strep, 
Gram-negative filaments 

5-4-45 

Normal 

45 CC thin hemorrhagic 
fluid 

50,000 units 

Anaerobic Staph and Strep 
Gram-negativ e filaments 

5-5-45 

Normal 

20 CC thin serous fluid 

SO 000 units 

Anaerobic Staph and Strep, 
Gram-negativ e filaments 

5 6 45 

Normal 

20 CC thin serous fluid 

25 000 units 

No growth 

5-7 4 5 

Normal 

5 CC thin yellow serous 
fluid 

25 000 units 

No growth 


w'as several cubic centimeters less than the amount of pus lemoved, in order to 
avoid leakage from the puncture wound after withdraw^al of the needle The 
site of punctuie was sealed with a diop of collodion Aspirations and injections 
usually w ere repeated at 24-hour intei vals dm ing tlie first tin ee or four days of 
treatment, and after that they w^ere 1 epeated as often as fluid could be obtained 
In infections wuth pemcillin-sensitive 01 ganisms the cultures usually became 
sterile after about 48 hours of local tieatment wnth penicillin How^evei, it 
was found to be desiiable to continue aspiiations and penicillin instillations 
as long as fluid could be obtained, m ordei to avoid recurrence of the infection 
After tw o or three treatments the contents of the abscess cavity usuall)'^ became 
thin, serous and slightly hemorrhagic 111 character, and, a smaller needle (No 
20 or 22) could be used for the tieatments This closed method of treating 
small localized infections w^as valuable because it peimitted the penicillin 
solution to remain m contact w ith the infected area for long periods, prevented 
contamination wuth pemcilhn-i esistant oigamsms, and often obviated the 
necessity foi surgical incision 
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This method ^\as not suitable for laige infected areas, those with ramifica- 
tions, or those containing considerable amounts of debris that could not be 
aspirated In such cases it often was possible to carry out a surgical procedure 
m which the area was drained through an appropriate incision, all unattached 
debris carefully removed by iirigation with physiologic salt solution, one oi 
more soft rubber tubes placed m the mam cavity and one into each ramifica- 
tion or recess, and the wound closed with a fe\v sutures placed through all 
layers The rubber tubes weie brought out through a small aperture in the 
sutured wound or through a small separate incision, and were carefully covered 
with sterile dressings Penicillin solution was introduced into the wound 
through them once or twice daily, the strictest aseptic precautions being used 
to prevent contamination (with penicillin-resistant organisms) The amount 
of penicillin solution to be introduced at each instillation was determined at 
the time of completion of the operation, as it was unnecessary and undesirable 
to introduce excessive amounts that would serve no useful purpose, and 
would merely run out of the wound and saturate the dressings The incisions 
in these cases were intentionally placed with the object of retaining penicillin 
solution within the wound (m sharp contrast with the orthodox objective of 
placing incisions to obtain free dependent drainage) The penicillin tubes 
usually were removed on about the 7th to loth postoperative day, and always 
were withdrawn by the 14th postoperative day This method proved to be 
very useful in controlling large and irregulai localized areas of infection, pre- 
vented secondary contamination with penicillin-resistant organisms, and per- 
mitted early healing and restoration of function Ho\vever, it must be stated 
that the outcome of cases treated m this mannei depended considerably on the 
skill and care of the attending surgeon, with particular reference to the thor- 
ough completion of the operation and meticulous asepsis m handling the 
penicillin tubes and dressings postoperatively All of the patients receiving 
this type of local penicillin therapy weie protected against the possibility of 
dissemination of infection by preoperative and postoperative systemic penicillin 
therapy 

Following operations m contaminated areas the wounds often were closed 
around the ends of soft rubber tubes that had been placed m the depths of the 
wounds, and penicillin solutions were injected into the wounds through the 
tubes once daily for seven to 14 days (and rarely longer) postoperatively 
Continuous penicillin drip also was used m connection with this method m a 
few cases In the group treated by this method some of the wounds containing 
mixed infections suppurated, but the bacterial flora from such suppuration 
usually caused only some temporary delay m the healing of the soft parts This 
type of treatment was not done at once m wounds containing Pi oteus organ- 
isms , instead, the wounds were left open and treated by some other method, 
and secondary closure was done aftei Proteus organisms had been eliminated 
It proved to be much easier to prevent contamination of wounds, by careful 
aseptic technic during dressings and m handling the tubes during penicillin 
instillations, than to eliminate the troublesome (but usually not dangerous) 
penicillin-resistant organisms once they became established All operations of 
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this type weie preceded and followed by courses of systemic penicillin therap) . 
in order to avoid the possibility of dissemination of infection 

In cases in which it was necessaiy or desirable to tieat open wounds locally 
with penicillin, ointments or jellies containing 500 to 1,000 or more units of 
penicillin per Gm weie used It was necessary to assay the potency of com- 
mercial and laboratoiy-made penicillin prepaiations of this type, in order to be 
certain of their efficac)’’ In seveial instances, when effective penicillin prepara- 
tions vere not available, the pharmacist piepared a suitable steiile ointment 
or jelly base and the surgeon mixed the penicillin solution into the base imme- 
diately before applying it to the wound Open wounds that suppurated consid- 
erably required careful cleaning and dressing several times daily As the 
wounds became cleaner, the dressings and application of penicillin ointments 
could be done once daily This method of treatment was impiactical for large 
open wounds, and it proved to be somewhat laborious, though quite satisfactory 
and economical, for patients with small open infected wounds in which the 
predominating pathogen was sensitive to penicillin within the range of potency 
obtainable in the wound 

Infected serous cavities, such as joints, usually were aspirated and instilled 
with penicillin solution once daily For local instillation m serous cavities the 
concentration of penicillin was usually limited to 1,000 units per cubic centi- 
meter of saline, but higher concentrations could be used in areas where 
isolated, walled-off abscesses were present The strictest aseptic technic was 
maintained in the treatment of infected serous cavities 

In wounds involving the meninges and central nervous system, concentra- 
tions of 500 to 1,000 units of penicillin per cubic centimeter of physiologic 
saline were usually used All injections of penicillin solution into the subarach- 
noid spaces were made by lumbar puncture, after first draining all the cerebro- 
spinal fluid that would flow freely The dose used for intraspinal injection 
varied from 5,000 to 20,000 units given once or twice daily Daily bactenologic 
cultures were made The small dose of 5,000 units appeared to be as effective 
as larger doses of 10,000 to 20,000 units in most infections of the central 
nervous system Systemic penicillin therapy also was given in all such cases 

SUMMARY 

Small, well-localized pyogenic abscesses may be treated successfully with 
aspiration and instillation of penicillin solution Larger areas of localized 
infection, especially those with ramifications and those containing much thick, 
purulent material or necrotic debris, require incision for evacuation In some 
of these the incision may be closed at once around tubes through which local 
penicillin therapy is given , others may require delayed closure Infections in 
well-localized areas may be treated with increasing concentrations of penicillin 
solutions until resistance of the infecting organism is overcome 

Univ of California Hospital, - 

San Francisco 22, Calif 
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A SUCCESSFUL METHOD FOR SECURING PRIMARY WOUND 
HEALING AFTER RESECTION OF FISTULAE IN ANO 


A PRELIMINAHY REPORT 

John M ICenney, M D 

Santa Rosa, CAiir 

The common and ACccprcD methods for treating a fistula in ano have 
always appeared to the author to be archaic and not at all in keeping with 
modern surgical technic In fact, they have not appreciably advanced beyond 
the principles laid down a hundred years oi moi e ago In the usual procedures 
described in the literature and in popular textbooks on Suigery and Proctology, 
the tract is opened widely, destroyed, and the i esultant wound then allowed to 
granulate, that is, heal by second intention When the tract passes thiough or 
under the external sphincter, that muscle is severed by one of several methods, 
and then nature trusted to unite the cut-ends, something which, to the chagrin 
of the surgeon, does not always take place The convalescent period after this 
type of operation is commonly marked by its length, discomfort, tempoiary anal 
incontinence, frequent dressings and sitz baths and the need for careful and 
prolonged wound care to insure propei healing If the cut-ends of the sphmctei 
fail to unite properly, either a second opeiation must be perfoimed, or the 
patient will suffer from some degree of anal incontinence — a constant source of 
potential embariassment When fistulae are extensive, the scar tissue laid down 
after this type of operation may be such that the patient is seriously handi- 
capped either in sphmctenc control or else by virtue of stenosis Therefore, it 
seemed very desirable to develop a surgical technic in which it would be possible 
to excise the tiact and close the wound so that healing by primary intention 
would take place, and, thus, avoid the many undesirable features associated 
with the methods now employed This has been done Twelve patients have 
had a fistula in ano resected and the operative wound closed tightly, with 
healing by primary intention in ii cases In the twelfth case, the procedure 
to be described was not followed in all of its component parts The convales- 
cent period in the ii cases was maiked by its fieedom from pain oi discom- 
fort, its shoitness, the absence of drainage, and the lack of need for time- 
consuming care and tieatment There have been no recurrences during 
follow-up periods of from two to six months 

MATERIAL 

The patients were all young adults between the ages of i8 and 31 Each 
had a history of an acute ischiorectal abscess which had had to be incised and 
drained This had been followed by either one or moie lecurrences of the 
abscess or else by fairly persistent drainage fi om the site of the 01 iginal incision 
When first examined, each patient presented a tiue fistula in ano, with an 

320 



^ olumc 12G 
Number 3 


nSTUL^E IN ANO 


external orifice fiom which pus could be expiessed and thiough which a piobe 
could be passed and manipulated into the anal canal Seveial patients had one 
01 moie blanches to the piimai) tract 

METHOD 

The patients aie prepaied foi the opeiation in the usual mannei, by sitz 
baths, low-1 esidue diet, sulfasuxadine, and castoi oil the afteinoon pieceding 
surgeiy The evening pieceding suigeiy the tiact is injected with methylene 
blue in an effoit to stain it so that all blanches of the main fistulous tract can be 
readily identified dm mg the opeiation If it is believed that multiple tracts are 
present, the external orifice is injected uith lipiodol and i oentgenograms taken 
All opeiations aie perfoimed in the flexed pi one position, undei either spinal 
01 caudal anesthesia After suitable prepaiation and di aping of the operative 
field, a malleable, blunt-tip piobe is passed along the tract and gently manipu- 
lated until it enteis the anal canal thiough the internal orifice of the tiact The 
probe IS then bent so that it foims a circle, and, thus, cannot be dislodged 
during the opeiation A small elliptical incision is made aiound the external 
orifice dovm to subcutaneous tissue and one limb earned touaid, but neven 
acioss, the mucocutaneous juncture A second small elliptical incision is made 
through the mucosa around the internal oiifice, but skin and mucosal incisions 
are not joined With a small, shaip, cuived, dissecting scissors and a small 
knife (No 15 Bard-Parkei ) , the tiact is gently dissected free fiom the sur- 
rounding stiuctures, using the probe as a guide Gentle traction assists in this 
The tract is followed ovei, through, 01 undei the external anal sphinctei, 
doing as little damage as possible to this muscle When the muscle is cleared 
fiom the tiact, the mteinal orifice is attacked and dissection begun theie and 
earned down until the tiact is entirely fieed, and can be removed m fofo The 
w ound IS carefully inspected for 1 esidual scar tissue, or foi an undiagnosed limb 
of the fistula, eithei of which must be excised if piesent Complete hemostasis 
IS secuied using Nos 80 01 120 cotton ties The tissues of the w^ound are then 
infiltrated w ith a penicillin solution, 2000 units pei cc , using 20 to 100 cc to 
insure equal and thorough difl:usion thioughout all the tissues The dead 
space IS veiy caiefully obliterated AMth inteiiupted sutuies of Nos 60 or 80 
cotton, repaiimg at this tune any damage done to the sphincter As it is of 
utmost importance that evei y vestige of dead space be obliterated, these should 
be fairly close togethei , as a rule, two 01 three layeis wull be necessaiy The 
cut-edges of mucosa are caiefnll} appioxiinated with seveial Nos 4-0 chromic 
catgut sutures on an atraumatic needle, and the skin edges are appi oximated 
with No 60 cotton, using vertical mattiess sutuies in each instance No drams 
are used The postoperative legimen consists of a low -residue diet for 3-4 days, 
mineral oil daily, morphine, ice bag to the peimeum for pam, and if no bow'el 
movement occuis by the fomth day, an oil letention enema is given, followed by 
milk of magnesia oralh The patients are allow'ed to get out of bed on the 
second postoperative day, and discharged from the hospital shortly afterwards 
The skin sutuies are removed between the 5th and 7th postoperative days 
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The essential points of the procedure, thus, are (i) accurate localization of 
the tract, (2) careful, neat dissection, (3) infiltration of the wound with peni- 
cillin, (4) complete hemostasis , (5) careful obliteration of the dead space with 
fine cotton sutures, and (6) complete closure of the mucosal incision It is 
believed that if the technic outlined above is exactly followed, the results 
obtained can be readily duplicated 


RESULTS 

Of the 12 patients opeiated upon by this method, ii have healed by 
primary intention There has been very little edema of the wound , only mild 
postoperative pain , and there has been no drainage There were no instances 
of even temporary anal incontinence Nine patients were followed six months, 
or longer, and three patients were followed for two months None have showed 
any evidence of recurrence of the fistula in ano The one patient who did not 
heal pel piimam was not injected with penicillin at the time of operation He 
complained of more discomfort than the average patient, and about the 5th 
postoperative day, the wound was red and swollen Removal of the skin 
sutures permitted pus to escape Drainage persisted until one or two cotton 
sutures were removed fiom somewhere in the depths of the wound, following 
which the wound healed Letter follow-up indicates he has no apparent evi- 
dence of a fistula, but this case is classified as unsatisfactory It illustrates 
perfectly the point that the outlined technic must be followed exactly if com- 
plications are to be avoided 

Discussion — It is accepted by all surgeons that primary union is the ideal 
to strive for in any wound, traumatic or operative This, because, when heal- 
ing IS by second intention, one must frequently contend with such undesirable 
features as infection, excessive scar formation, with consequent tissue distor- 
tion and malfunction, painful dressings, prolonged convalescence, and after 
fistulectomy, possible temporal y 01 permanent anal incontinence Further- 
more, the scarring, distoition, malfunction, or in cases of fistulectomy, the anal 
incontinence, may require correction by secondary plastic procedures It is 
lecognized, of course, that certain wounds, for reasons inherent in themselves 
such as the repeated and heavy contamination that occurs around the rectum 
do not readily lend themselves to primary closure Nevertheless, one should 
continually try to find new methods, or to apply recent advances, to the treat- 
ment of such wounds, in ordei that moie of them, without increasing the risk 
to the patient, may be closed with a reasonable expectation of securing primary 
union The method described in this papei does make possible the obtaining 
of primary union aftei resection of a fistula in ano In addition to the common 
surgical principles of neat, clean, nontiaumatic dissection and careful oblitera- 
tion of all dead space, penicillin is carefully infiltrated into all of the tissues 
comprising the wound The undertying principle of this procedure is to 
inactivate the bacteria in these areas, which, while not sensitive to the ordinary 
tissue concentration of penicillin seemed by parenteral injection, presumablv 
aie inactivated by the extremely high concenti ation obtained in this mannei ^ 
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Cotton IS used m prefeience to catgut because of the minimal tissue reaction 
to this material and, hence, less necrotic material to seive as culture media 
for the various organisms 

Admittedly, the gioup treated is not large enough to permit any final 
evaluation of the method However, it is a fact that ii of 12 cases did heal 
by primary intention, and that the one failure was in the patient whose tissues 
were not injected with penicillin This, in itself, indicates that the method 
should be practical if followed exactly Furthermore, there have been no 
1 ecurrences over follow-up periods of two to six months, probably a sufficient 
period of time foi such cases This would seem to indicate that the method 
is curative There is no logical reason why there should not be just as many 
cures when fistulae are treated in this way, as by the method of laying them 
open to granulate in, provided all of the tract is excised 

There is also a great saving to the patient economically, because of early 
release from the hospital, lack of need to letuin for daily dressings, and the 
fact that he can return to his noimal activities without experiencing the dis- 
comfort present when there is a raw, granulating, anal wound 

SUMMARY AND CONCLUSIONS 

A successful method has been described by which it is possible to secure 
primal y vound healing after the resection of a fistula in ano The essential 
points in the procedure are (i) accurate localization of the tract, (2) careful, 
neat dissections, (3) mfiltiation of the wound wnth penicillin, (4) complete 
hemostasis, (5) careful obliteration of the dead space wuth fine cotton sutures, 
and (6) complete closure of the mucosal defect Eleven of 12 cases so treated 
have had primary union of then w^ounds, and there have been no recurrences 
of the fistula in the 12 patients over peiiods of two to six months The con- 
\alescent period was marked by its shortness, and absence of complications 
The method described is preferable to those commonly employed in which 
healing is by second intention because it eliminates (i) excessive scarring, 
(2) anal incontinence, and (3) prolonged convalescence 
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It is cenerally recognized that certain patients form intia-abdominal 
adhesions after operation or aftei inflammatory processes These may produce 
intestinal obstruction, and at times require suigery Often adhesions leform 
and, again, cause obstruction Methods that might prevent formation or 
reformation of adhesions have been the subject of several investigations 
adequately reviewed by Boys^ in 1942 

Certain of these methods have been of general intei est Rea and W angen- 
steen,^ Gepfert,^ Totten,"* Merkle,** and others, introduced amniotic fluid, 
saline, air, oil, glucose, blood, gum acacia, etc , into the peritoneal cavity to 
mechanically separate damaged surfaces until reepithehzation might occur 
Ochsner and Garside,** Donaldson,'* Waid,® and others, tiied proteolytic 
enzymes, such as papain or trypsin to digest deposits of fibim Lehman and 
Boys®’ employed heparin to minimize the formation of fibrin Clinical 
reports of the use of papain by Ochsnei,*^ and of heparin by Lehman and 
Boys^®’ and Massie,*"* have offered encouiagement, but the lesults are not 
easily evaluated 

Experiments have, theiefore, been undertaken to further study the effect 
of heparin upon the formation and leformation of adhesions Rabbits, usually 
male, have been used for all experiments 

EXPERIMENTAL METHODS 

Opel ahons foj P7 oductwii of Adhesions Rabbits weie anesthetized by 
intravenous sodium amytal A midline incision was made, using sterile 
technic The appendix was exposed and freed from the meso-appendix using 
fine silk No 000000, for ligation of A'essels The antimesentei ic surface w'as 
then seared by applying a thin, heated spatula The peiitoneum and the 
incision were closed by a continuous mattress sutuie of either fine silk or 
catgut The skin was closed wnth interrupted silk Operations w'eie peifoimed 
by several individuals employing this standard technic 

Opeiations foi Division of Adhesions Celiotomies were performed through 
the same midline incision two weeks, or more, after the sealing and at varjnng 
intervals thereafter, to determine occurrence and extent of adhesions and to 
divide and study refonnation of adhesions Adhesions were divided, using 
blunt dissection for closely adherent surfaces or sharp dissection with division 
and ligation for longer bands 
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The extent of adhesions was determined by estimating the length of bow'-el 
involved and at times also by comparison of serial photographs The length of 
extensively-involved matted segments of bowel w'as empirically estimated as 
20 cm The abdomen and chest w'^eie examined by autopsy in all animals that 
died Histologic examination w^as made on the appendices of all animals 
sacrificed or dying-wnthin ten days of the original searing, and on other viscera 
that exhibited gross pathologic change 

Teclimc of Conti ol Evpeuments Adhesions w'ere examined at operation 
in twm control series, but not divided These adhesions w^ere latei observed at 
opeiation oi autopsy In a second control series the adhesions w^ere divided 
w ithout using any form of thei apy and later reexamined 

Method of Study of Hepaun and the Foimation of Adhesions The effect 
of heparin on formation of adhesions was studied by searing the appendix and 
immediately placing 15 mg of heparin into the abdomen A second intraperi- 
toneal injection of 15 mg of heparin w'as given 24 hours after operation In 
each instance the hepaiin was diluted by 30 cc of noimal saline Heparin in 
Pitkin’s menstruum'^ (100 to 200 mg) was placed in the abdomen at the 
time of searing in another group of rabbits 

Method of Study of Refoi ination of Adhesions — Control Erpei imeiits 
Reformation of adhesions was investigated in control experiments by admin- 
istering 30 cc of nonnal saline intraperitoneally at the time of division and 
then twice a day by needle puncture for 72 hours Gelatin, 5 per cent in 
sterile HoO, w^as similarly injected in another control series The state of 
the adhesions w'as determined by subsequent operation or autopsy 7 days to 
4 wrecks, arerage 2 wrecks, after division 

Methods of Study of Ref oi motion of Adhesions — Test Expei iments 

(A) Hepaun in Saline Heparin was administered in a volume of 20 to 
30 cc of saline at the time of division of adhesions and subsequently at 
intervals during 72 hours by reinjection through the abdominal wall Periph- 
eral clotting time w'as determined on venous blood at intervals of two to 
four houis by the capillary-tube method The initial 20 to 30 cc of saline 
contained 5 to 60 mg of heparin, usually 15 mg Subsequent injections con- 
tained similar amounts of heparin The usual total dose was around 200 mg 
Intel vals between injections w^eie varied to maintain a prolongation of the 
clotting time always over two minutes and usually over 15 Maximum pro- 
longation of clotting time was often one-half to two horns Reformation of 
adhesions w^as studied during operation or autopsy in animals surviving 
seven to 60 days 


* The ingredients of the Pitkin menstruum are gelatin 15 to 30 per cent, dextrose 
5 to 12 per cent, glacial acetic acid 05 per cent and sufficient distilled water to make 
100 per cent The formulae used in our paper were LP-8, LP-g, and LP-io A reference 
for this information is Loewe, ct al Venous Thrombo-embolic Disease, JAMA, 
Vol 130, 388, February 16, 1946 
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Heparin and saline (lo to 50 mg) was also administered at the time of 
searing and again by intra-abdominal injection at 24 hours in a group of 
rabbits 

(B) Heparin in Pitkin’s Menstruum Twenty-five to 200 mg was placed 
in the abdomen at the time of operation and subsequently injected during 72 
hours at intervals determined by the peripheral clotting time The usual total 
dose was around 300 mg Prolongation of clotting time was maintained at 
levels similar to those described with heparin and saline Heparin in Pitkin’s 
menstruum /150 mg ) was used as a single dose at the time of searing and 
also at the time of division of adhesions in other rabbits 

EXPERIMENTAL RESULTS 
FORMATION OF ADHESIONS 

Pioduction oj Adhesions One hundred and fifteen rabbits survived oper- 
ation and searing of the antimesenteric surface of the appendix without infec- 
tion Of these, adhesions developed in 89 Twenty-six rabbits did not develop 
adhesions Eighteen of the 26 were again treated by searing Five developed 
minimal adhesions Three developed adhesions only after the third searing 

Foi motion oj Adhesions Adhesions developed in 15 of 21 rabbits m which 
heparin had been placed in the abdomen at the time of searing of the appendix 
and again injected 24 hours latei The appendices of five of the six animals 
that did not develop adhesions w'ere again seared and when reexamined there 
were no adhesions Adhesions developed in thiee of five rabbits in w^hich 
heparin in Pitkin’s menstruum had been placed in the abdomen at the time 
of searing In five additional instances single doses of heparin m Pitkin’s 
menstruum were administered at the time of searing A,dhesions formed 
m three 

Duiation of Adhesions Seven rabbits were explored two weeks after 
searing, without dividing adhesions Celiotomy 33 to 51 days later revealed 
no evidence of change in the amount or character of adhesions 


Conti ol Experiments — Rejoimation oj Adhesions 

Reformation of adhesions was studied in the 89 rabbits that developed 
adhesions after the first searing Since these labbits were subjected to a senes 
of operations during which adhesions weie examined or divided and treated, 
ot not treated, by control 01 test substances, and since they often served for 
from two to seven consecutive expeiiments the results will be leported as 
groups of expel iments and not as individual animals Animals dvnig wuthm 
a week of operation, 01 developing infection, are not included in the experi- 
mental results 

(A) Division oj Adhesions zmthout Tieatment Adhesions were divided 
m 18 experiments and subsequently reexamined They reformed in all but 
one rabbit The length of large and small intestine involved in adhesions 
before division varied from the attachment of a single band up to 20 cm , 
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average 6 9 Aftei division the length vai led fi om one band to 20 cm , avei - 
age 90 cm The extent of the adhesions obseived after redivision had 
increased ovei that before division in ten experiments and deci eased in eight 

(B) Nounal Saline Adhesions were divided and treated initially by 
30 cc of saline and subsequently by intrapeiitoneal injections of saline during 
72 hours in five experiments In four, adhesions refoimed The extent of 
adhesion befoie division varied fiom 2 to 20 cm , average 8 After division 
and treatment by saline the length of involvement varied fiom o to 10 cm , 
average 5 The extent of adhesions aftei treatment inci eased in two experi- 
ments and decreased in three The rabbit that did not have adhesions aftei 
saline treatment had 20 cm before division 

(C) Gelatin Gelatin was used after division of adhesions m six instances 
and in five adhesions ledeveloped Before division of adhesions the length of 
involvement was from 2 to 18 cm , average 7 Aftei treatment the length 
varied from o to 10 cm , and aveiaged 6 The extent of involvement increased 
in three and decreased in thiee The animal that did not redevelop adhesions 
had one 3 cm band at the time of division 

Evpenments with Hepaun — Refoiniation of Adhesions 

(A) Hepaun m Saline In 20 experiments adhesions weie divided and 
treated during 72 houis by heparin in saline Adhesions reformed in 17 
Before division and treatment adhesions involved i to 20 cm of bowel, 
average 8 Aftei ward they involved o to 20 cm , average 6 The amount of 
involvement increased m ten, decreased m eight, and was unchanged m two 
The three animals that had no adhesions had had i, 4, and 10 cm , respectively, 
at the time of division 

t 

In addition to the 20 successful experiments there were eight deaths 
Three were caused by hemorrhage 

(B) Hepaun in Pitkin’s Menstiumn In 21 instances heparin in Pitkin s 
menstruum was employed during the first 72 hours after division of adhesions 
They redeveloped m 19 The area of involvement before division and treat- 
ment varied from 2 to 20 cm , average 8 3 and afterward from 0 to 20, aver- 
age 66 cm The extent of adhesions increased m six, decreased m ii, and 
was unchanged in foui The two animals that did not ledevelop adhesions 
had 4 and 10 cm , respectively, at the time of division of adhesions 

In four instances with single doses of heparin 111 Pitkin’s menstruum given 
at the time of division of adhesions, all lefoimed them The area of involve- 
ment varied from 6 to 15 cm, aveiage 9, befoie tieatment and aftei waid 
2 to 20 cm , average 13 The extent inci eased in thiee and deci eased in one 

In addition to the 25 successful experiments reported above there were 22 
deaths during administration of heparin m Pitkin’s menstruum Of these 17 
died of hemorrhage 

Pathologic Examination — Autopsies weie performed on 15 labbits sacri- 
ficed at intervals within ten days of searing of the appendix Autopsies were 
also perfoimed on 30 animals dying dining 01 just after a 72-hour peiiod of 

327 



BLOOR, DORTCH, LEWIS, KIBLER AND SHEPARD 47 tombl^“iu 47 

treatment with hepaiin Treatment was begun immediately after division of 
adhesions 

Gross examination of the 15 sacrificed rabbits often levealed fibrinous 
adhesions about the appendix Mateiial foi staining and pieparation foi 
microscopic study was obtained fiom ci oss-sections of the appendix Micro- 
scopic prepaiations satisfactoiv foi study of mesothelium weie obtained m 



Fig I — (A) Fibrinous surface of appendix 18 hours after searing 
(B) Fibrin covered by a single layer of flat cells resembling mesothelium 
96 hours after searing 


only seven Of these two, six and 22 houis aftei sealing, had no wsible 
mesothelium The burned suiface was coveied by fibiin (Fig i A) Two, 
at 18 and 42 hours, had a few isolated cells lesemblmg mesothelial cells on 
the surface of the fibrin ovei the burned area Thiee, at 30 72, and 96 houis 
had continuous sheets of smgle-layei ed cells, resembling mesothelial cells, over 
the granulating surface (Fig i B) 
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GiObs e\ainin<itinn (it labbits llial du'fi tlic pcMiod of hejiann 

tlieiap) ic\caled nia'^suc' lu'nutnli.i^o inlo the .d)d<iiiuMi oi into tlic Nxound 
m 20 Salibfactoi \ nucinse.(>pn. examin.ilioiis of tlic appendices at the aica 
of diMNiuii of adhesions weie possible in li\e of nine labhits studied hibimons 
exudate oi iibiin was pusent in each ‘sections of lungs of 12 showed 
ad\aiiced pulinonaiy edema Longest ion w<is also picscnt m five, and hcmoi- 
rhage in thiee Riain tissue w<is cxaninicd in thiee and theie cveie small 
lieiiioiiliagcs in the pia niatei ot the toitcx of two One of two heaits exam- 
ined showed small snbendocaidi.d hemonhages in the left veiitiicle 
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Discussion — The summaiy in Table I demonstrates that the likelihood 
of developing adhesions was almost as great in the labbits treated by heparin 
as in those that weie not tieated, oi weie treated b)'’ saline or gelatin There 
was no significant diffeience in the aveiage extent of involvement of bowel 
by adhesions or in the numbers of labbits that had an inciease or a decrease 
in the amount of adhesions 

It has been suggested by Lehman and Boys,'^’ and others, that heparin 
might pi event oi minimize the formation of fibrin and the development of 
adhesions Oui histologic studies in labbits dying of hemorrhage duiing 
heparinization revealed fibrinous exudate or fibrin at the site of injuiy 

Although Brunn,!'^ Clarke, i*' and HeitzleD^ have studied regeneration of 
mesothelmm, there is no definite evidence detei mining the late of growth 
Mesothelium has been desciibed as originating from the edges of defects or as 
developing hy a diftei entiation of connective tissue cells (Baily^s) Since 
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young mesothehal cells are easily' lost in prepaiation of tissue for microscopic 
study and since it is difficult to differentiate mesothehal cells from flattened 
wandering cells in cross-section preparations, our histologic studies have not 
solved these problems with certainty It seemed, however, that repentoneal- 
ization ma} require a period of time longer than the maximum of 72 hours 
used for treatment m these and other expeiiments 

CONCLUfalONS 

1 Heparin m laige doses, continued up to 72 hours, has not prevented 
the formation or reformation of mtrapei itoneal adhesions or the deposition of 
fibrin on the surface of injured appendices m rabbits 

2 There was a spontaneous failure of development of adhesions in 
23 per cent of the rabbits used in this experiment There were also 6 per cent 
of the rabbits subjected to division of adhesions, and no other treatment, that 
did not redevelop adhesions Heparin increased the likelihood of not devel- 
oping adhesions by less than 8 per cent 

3 The extent of the adhesions that redeveloped after division and hepar- 
inization was equal to that observed in contiol expeiiments 

Acknowledgment is expressed to K S Gnmson, Bernard Black-Schaffer, Deryl 
Hart, and W D Forbus for encouragement and advice during the experiments and the 
preparation of this report 
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THE QUESTION OF REGENERATION OF NERVE FIBERS 
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MENT OF ANATOMY SCHOOL OF MEDICINE OF THE UNIVERSITY OF GENEVA GENEVA, SWITZERLAND 

The ineeficacy of the medical treatment of hypei tension was the prelude 
to the search for other, more potent means, of dealing with this widespiead 
and inevitably fatal disease In 1924, N Pende presented before the Congress 
of Internal Medicine, at Padua, his conception of a surgical procedure based 
upon the observation that resection of the left splanchnic nerve resulted m an 
atrophy of the adrenal gland and a diminution of the secretion of epinephrine 
From then on, this addition to the therapeutic arsenal w as developed and per- 
fected by Leriche and Wertheiniei, in France, and Peet, Smithwick, and 
others, m this country Its physiologic basis is yet to be established, and the 
procedure itself has frequently been criticized because of the reported legen- 
eration after experimental sympathectonty in animals In man, Rogofi^ has 
reported a case of Addison s disease follon mg sympathectomy 

The statement has been made several times-’ ^ that the present-day s) m- 
pathectomy for hypertension completely deneivates the adrenal glands 
Insofar as I know, this has never been proven m the human Smithwick'* has 
ascribed the rise in blood piessure in the weeks following sympathectomy to 
the “regeneration of the interrupted vasoconstrictor pathways ” To my 
knowledge, its actual demonstiation m man has never been undertaken If 
regeneration of these resected nerve fibeis occurs, one might demonstrate this 
m an end-organ, such as the adrenal gland The anatomic method was 
selected as a means of approach, and, theiefore, a study was undei taken to 
determine the extent, if any, of regeneiation of sympathetic neiwe fibers to 
the human adrenal gland follon ing bilateral sympathectomy 

The innervation of the human adrenal gland is still not completely undei - 
stood, perhaps largety for technical reasons In 1944, I made a comprehensive 
study of the inneivation of the normal adrenal gland of man, and other forms 
The adrenals of man receive then innervation through the greater and lesser 
splanchnics and from the neighboring ganglia This innervation is mostly 
preganglionic, with some postganglionic fibeis coming from the solai plexus 
The presence of numerous ganglion cells in the human medulla would indi- 
cate the presence of an additional postganglionic innervation ’’ Fi om this brief 
review, one may draw a working hypothesis that bilateral splanchnicectomy 
and thoracolumbar sympathectomy should produce a complete degeneration 
, of the preganglionic fibers of the gland, with only the postganglionic fibeis 
remaining The effect on the ganglion cells would remain to be determined 

* Read before the New York Pathologic Society, April 25, 1946 
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The anatomic and physiologic expenmental evidence has, for the most 
pait, been contiadicton , paitly the lesult of faihiie to interpiet diffeiences 
m species and paitly due to vaiiations m expenmental technic Elliott. 
Hollinshead,^- S\\m}aid,^’ and Young, m the cat, have shown that the innei- 
vation of the chiomaffin tissue is pieganghomc with few or no postganglionic 
fibers In my own expeiiments on the labbit, the fibeis of the adrenal weie 
almost completely degeneiated seven days aftei infiadiaphraginatic splanchnic 
resection However, I also found some ciossed innervation, this may be 
peculiai to rabbits From an anatomic standpoint, Hollmshead and Fmkel- 
stein^^ show'ed that legeneiation to the ipsilateral gland occuried m cats fol- 
lowing unilateral sympathectomy and splanchnicectomy as early as the 2nd 
month, and at the 5th month an appaiently normal innervation existed 

Bacq and DwmrkiiF'^ m two of tlnee cats, one year after total bilateial 
sympathectomy, found physiologic as w^ell as anatomic evidence of regrowth 
of pieganghomc fibers Hodes,^' w'oiking 111 Cannon’s laboratory, found that 
30 days after sympathectomy physiologic evidence seemed to point to a 
regrowdh of fibers to the adienal medulla This authoi wisely pointed out the 
possibility of the intervention of other fibeis m his expenmental results 
Haimovici and Hodes^® performed a total sympathectomy upon seven cats 
Their physiologic cnteiia indicated sympathetic legiowdh in all animals They 
emphasized that m older to keep legeneiation at a minimum the greatest 
possible preganglionic destiuction should be cairied out Maes and Simeone,^®^ 
w'oiking with cats, crushed the splanchnics m the chest and beneath the dia- 
phragm From the degree of physiologic response they concluded that 
regrowth of fibers must be considered six weeks after operation In all of 
these ph^’^siologic studies, anatomic data weie lacking, or inconclusive 

Numerous experiments on dogs by Hermann, and his school, in 
France, have suggested that the endociine elements show" no morphologic 
changes following complete sympathectomy, and that minimal amounts of 
epinephrine w'ere still present 

Of the more recent papers, that of Papez, Jensen, and Dukes-^ is enlight- 
ening Tw"0 years after complete sympathectomy m dogs, they found only a 
minimal amount of regeneration, not in excess of 5 per cent There were some 
postganglionic fibers coming from the neighboring ganglia wdiich were not 
affected by the operation In addition, they found a few end-bulbs, and 
thickened endings m the medulla 

CLINICAL SUMMARIES 

Case 1 — E B , a 45-year-old white male gave a three-year history of dyspnea on 
exertion, dizziness, headaches, and failing vision, all becoming more marked m the few 
weeks before admission Physical examination showed a blood pressure of 260/155, 
with an enlarged heart and slightly enlarged liver The eye grounds were typical of 
severe hypertensive retinopathy The urine contained two plus albumin, with a few red 
cells and rare w’hite blood cells Kidney function tests were within normal limits The 
electrocardiogram w'as suggestive of myocardial damage 

Right sympathectomy on ii/i9/’43 The greater and leaser splanchnics from T8 
down to, and including, the semilunar ganglion, as well as the sympathetic trunk from 
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T 8 to L 2 were lemoved Many of the branches of sympathetic chain were e\.cised. as 
well Left S3 mpathectnnn was done on T2/V’43, the operation was the same as on 
the right side 

Pathologic Report Fragments of nerve and ganglia without significant change 

The postoperative blood pressure was 180/120, with pronounced orthostatic hypo- 
tension Postoperative recovery was uneventful On June 15, 1945. the patient was 
admitted to the New York City Hospital for recurrence of symptoms of a four-month 
duration The blood pressure ivas 235/140 and rose at one time during his stay to 
255/140 His course was downhill, and he died August 13 , 1945 in uremic coma 
(NPN-210), 195 months after operation The postmortem done five and one-half hours 
after death, showed pulmonary edema, cardiac hypei troph3', bilateral chronic adhesive 
pleuritis, and arteriolar nephrosclerosis 

Case 2 — S R This w'as a so-year-old white male, wuth a three-year history of 
convulsive seizures, s3mcope, and severe headaches The blood pressure \aried from 
180/100 to 210/110 The heart was enlarged, and the electrocardiogram show'ed moderate 
myocardial damage The urine contained one plus albumin, and showed some white blood 
cells The kidney function tests w'ere normal Spinal tap was negative The diagnosis 
of hypertensne encephalopath\ w’lth essential h3'pertension was made and svmpathectonn 
was advised 

Right sympathectomy on 5/3i/’45 The S3'mpathetic trunk fiom T 9 to L 2, as well 
as all communicating branches w'ere resected The greater and lesser splanchnics weie 
isolated from T 6 down to, but not including, the semilunar ganglion, cut, and excised 
Left sympathectomy w'as done on 6/i8/’45, the same proceduie was repeated 

Pathologic Report The nerves and ganglia showed some changes, w’hich, howeier, 
are within normal limits 

Postoperatively, the blood piessure dropped to 170/ 100, and reco\eiy was wuthout 
incident However, the s3'mptoms remained, and the blood pressure rose rapidly to the 
preoperative levels The patient died on January 15, 1946, seven months after operation 
The autopsy done 36 hours after death, showed subdural hemorrhage, cardiac hyper- 
trophy, moderate coronary sclerosis, and arterial as w’ell as arteriolar nephrosclerosis 

Clinically, sympathectomy was undertaken in each case with the hope of 
arresting the advance of the disease In both cases, the blood pressure reached 
the preoperative level before death It is of interest to note that the pathologic 
report of the resected neives and ganglia was essentially negative Studies, 
which Dr J A Lisa and I have undei taken of this mateiial, using various 
staining methods, seem to indicate that there is some deviation from the 
normal in the splanchnic nerves and sj^mpathetic ganglia lemov^ed from hypei- 
tensive patients at operation Whether this is a piimaiy phenomenon 01 
secondary to the generalized arteriolar disease, from which many of these 
patients suffer, remains to be determined 

MATERIALS AND METHODS 

Slices of an aveiage width of two to thiee millimeters weie taken from 
each gland and impregnated with silvei, according to the method of A 
Weber ®' ® Serial sections w ere made of the totality of each slice, at ten micra 
per section, all sections were examined This method peimits tracing the 
exact distribution of nerv^e fibers as they enter the adrenal gland, as well as 
an accurate study of the ganglion cells It is piobable that fiequent errors m 
the quantitative study of ganglion cells in the human adienal are due to 
methods where serial sections are made and only one in ev^eiy five or ten are 
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examined Thus, one can see why ganglion cells, having a thickness of only 
10 to 20 inicra can easih be missed, or thought to exist m small numbers only 
Many fields vere examined under high power and oil immersion Adrenals 
coimng from patients who had not undergone sympathectomy served as con- 
trols, and these slices Avere processed in the same batches as the other material 

OBSERVATIONS 

Before describing my own results, it is necessary to say that the use of 
silver stains allows one to distinguish between pre- and postganglionic fibeis 
This has been demonstrated anatomically by Weber,^ and Nonidez and Hare 
In the sections the preganglionic fibers are dark brown, and the postganglionic 
fibers are light brown 

The first very striking observation in the two cases of this study was the 
almost complete absence of nerA’'es in the medulla The usual picture of inter- 
lacing and branching fibeis, or fine fibrils, found in the sections of normal 
adrenal medulla v^s not seen Occasional!}, a few very fine fibrils were 
encountered, and, here and there, a nerve trunk Otherwise, search of field 
after field revealed no ners^es (Figs i and 2) The fibers that were present 
were almost entirely light blown, therefore, postganglionic, and only rarely 
w'as a preganglionic fibril noted At places where the nerve trunks were 
traced into the cortex and medulla, wide spaces weie apparent between the 
pale browm fibrils, con espondmg, wuthout doubt, to the absent preganglionic 
fibrils (Figs 3 and 4) In most instances the remaining nerves entered the 
gland together wuth blood vessels They pass through the cortex and even- 
tually break up to distribute themselves in the medulla There, fine post- 
ganglionic nerve endings were encountered on the walls of the vessels 

Ganglion cells can be found in the normal adienal of man in three places 
m the ganglia of the capsule, m nerves as they pass through the cortex and 
medulla, and in the medulla ^ They are usually m groups, but may be found 
isolated or m the path of a fiber Their intensely-stained cytoplasm, with a 
large pale nucleus and numerous dendritic processes make them easily identi- 
fiable (Fig i) The dense intercellular plexus formed by the branching of the 
arriving preganglionic fibers is very striking They form synaptic endings on 
the ganglion cell itself 

After sympathectomy the picture is quite different In both cases the 
numerous dark interlacing preganglionic fibers are absent, and the ganglion 
cells look peculiarly isolated, nevertheless, retaining their normal character- 
istics (Fig 2) Their argyrophiha, how^ever, seems to be slightly diminished 
Other findings of a more morphologic nature, such as sw^ellings of nerve 
endings , or nerve fibers , and rarity of giant nerve endings have been briefly 
reported elsewhere ® 

Discussion —It is obvious that in these two cases there has been virtually 
no regeneration of the nerve fibers in the adrenal gland What is the nature of 
the remaining fibers in the medulla? The postganglionic fibers in any case 
would not have been directly affected by the operation However, the presence 
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Fig 1 



Fig 2 

Fig I — Normal adrenal gland (control) 

Ganglion cells with dark brown preganglionic fibers A ner\e 
trunk IS in the upper left, and the medulla at the lower right, fine 
nerve fibrils are visible in the latter The somewhat separate- 
appearing round area at the right upper margin of the uppermost 
of the group of four ganglion cells is a giant nerve ending (x 95) 
All sections are lo-micra thick, and stained according to the 
Weber silver technic 

Fig 2 — Adrenal after bilateral svmpathectomj' 

Group of pale ganglion cells in the medulla The interlacing 
plexus of preganglionic fibers has all but disappeared, and the 
surrounding medulla is devoid of fibers (x i6o) 
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of the veiy few dark biown pi egaiiglioiiic fibeis laises the question as to 
wbetbei they aie legenerated fibers or aie fibeis which have escaped degenera- 
tion In then experiments on dogs, Papez, and his co-workers, felt that the 


Fig 3 



Fig 4 

Fig 3 — Normal adrenal gland (control) 

Neive trunk composed of preganglionic fibers passing 
tlirougli the cortex towards the medulla (x 360) 

Fig 4 — Adrenal after bilateral sympathectomy 
The preganglionic fibers have disappeared and one sees only 
the more pale-staining postganglionic fibers (x 360) 

niimbei of noimal fibers seen in the adienal medulla two )ears aftei operation 
did not exceed those of the recently subtotally sympathectomized dog They 
stated, how evei , that these w^ei e probably postganglionic fibers My owm obser- 
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vations based on staining difterences between pre- and postganglionic fibers 
indicate that some of the remaining fibers are certainly preganglionic It would 
seem that these are fibers which have escaped degeneration 

From a theoretic standpoint, the extent of the resection in these two cases 
makes regeneration over such a wide distance a very questionable occurrence 
As Weber^° has shown, even when the two cut-ends of a nerve fiber he within 
a short distance of each other, their reunion is a matter of chance In addition, 
he states “The greatei the distance between the cut-stumps of the nerves, the 
greater the phenomena of negative neurotropism ” Experimental evidence by 
Papez, and his group, indicates that after two yeais “the regeneration of 
splanchnic and sympathetic neives after total sympathectomy is relativel} 
small, and far smallei within the gland than suggested by the size of the 
regenerated false nerve trunks when no histologic examination is made ” They 
also stated that “the piocess of regeneration of neive fibers to the gland 
seemed to be fortuitous, variable, and at best very scanty ” The study of my 
two human cases is in accord wnth their microscopic observations on dog 
adrenals 

Rogoff’s contention, in his w'ldely cited paper, ^ that “deneivation of the 
gland by section of its nerves is usually followed by legeneration of the nerve 
supply within a few wrecks” is contradicted by the observations of this study 
It would be more logical to assume that the Addison's disease in his report 
w'as the result of interruption of the vasculai supply to the gland Besides, 
only the deepest layers of the reticulai zone ai e inneiwated ® 

The absence of degeneration of the ganglion cells lends suppoit to the 
synaptic theory of nerve conduction The noimal histologic picture of the 
secretory elements of the adrenals of both cases confiims the findings of 
previous investigators Unpublished observations indicate that this is 

not altogether the case in the first days aftei sympathectomy Tlie rarity of 
giant nerve endings, w^hich are a constant occuiience in the normal adrenal 
medulla of man, leads one to suspect that they ai e endings of preganglionic 
nerve fibers 


CONCLUSIONS 

( 1 ) In two cases of human hypei tension, following extensive bilateral 
sympathectomy, there w^eie only a few neive fibers left m the adrenal glands 
These weie mostly postganglionic fibers 

(2) The postopeiative return to hypertensive levels of the blood pressuie 
following sympathectomy cannot be explained bj legeneration of nerve fibers 
into the adrenal gland 

I am deeply indebted to Dr J A Lisa, Pathologist to the New York City Hospital 
and Doctors Hospital, New York, who provided me with most of the material upon 
which this paper is based 

Many thanks are due to Dr A Plaut and Professor A Weber (Geneva), for their 
review o the slides, and to Dr Henry Brody for his kindness and helpful criticism in 
the preparation of the manuscript 
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Retroplritoneal cysts have been defined by Handfield Jones^” as those 
cysts lying in the retroperitoneal fatty tissues which have no connection with 
any adult anatomic structure save by areolar tissue The raiity of letroperi- 
toneal cysts, the speculation as to their exact origin and the uncertainty of 
their diagnosis makes them among the most interesting of all abdominal tumors 
While a good many isolated case leports of these cysts of one type or anothei 
appear in the literature, there is an apparent lack of unanimity among vai lous 
authors as to the oiigin of these cysts The case lepoit heiewith appended is 
a lathei typical one, in which the diagnosis w'as made pi eoperatively 

Case Report — Miss M B, a white female, age 26, was first seen on January 21, 
1 944, at which time she complained of soreness and a lump in the right lower abdomen 
The patient does not remember having symptoms until about November, 1943, wdien sbe 
first had soreness occasionally across her low'cr abdomen She thinks she has had 
vague pains for three or four years, but she did not feel the lump there until this time 
There has been no w’eight loss and no change in bowel habits, no change m periods 
Wearing tight garments across the waist causes sopie discomfort There is no change in 
the tumor w'lth the menstrual cycle or with gastro-intestinal or urlnar^ functions Sbe 
thinks the tumor has very gradually grow'ii a little larger The past history and review 
by systems w'as not pertinent 

Physical examination revealed a tall, thin girl, appearing quite healthy, with normal 
pi Ise, temperature, and a blood pressure of 100/80 The head, neck and chest w-ere 
normal In the right lower quadrant of the abdomen, there is a cystic-feeling tumor mass 
v'hicli IS nontender, or only slightly so, slightly movable, does not apparently reach the 
anterior abdominal w'all and lies above the brim of the pelvis The right kidney is just 
palpable to deep palpation and is not tender The left kidney, liver, gallbladder and spleen 
are not palpably enlarged or tender Pelvic examination reveals no palpable abnormalities, 
the mass lies above pelvic palpation Hematology on January 24, 1944 Hemoglobin 
100 per cent, R B C 4 8 million , W B C 7300, P M N 73, S L 22, monocytes 4, Kolmer 
and Kahn negative Urinalysis, S G i 005, albumin 0, sugar o, casts o, pus o, red cells o 
Barium enema of the colon show'ed that it filled readily and presented no evidence of 
intrinsic organic lesion The palpable mass m the right lower quadrant of the abdomen 
produces a compression and displacement deformity of the distal limb of the hepatic flexure 
and of the right side of the transverse colon, these segments of the colon are quite 
firmlv attached to the mass, and this portion of the colon takes a course around the low’er 
margin of the mass Palpation elicits no tenderness over the colon or in the region of 
the palpable mass The terminal ileum and appendix are not filled during the period of 
fluoroscopy Retrograde pyelogram Opaque material injected through catheters inserted 
into both ureters demonstrates normal outlines of the left calices, renal pelvis and ureter 
The left kidney outline is normal in size, shape and position The right kidney is normal 
in size. It occupies a low' and rotated position and there is a moderate right pjelectasis 
The right ureter is deiiated sharplj tow'ard the left, the apex of this displacement curve 
IS at the le\el of the lumbosacral joint and in this segment, the ureter deviation is 
eiidently produced by the same palpable mass which produces displacement of the colon, 
in the preiious barium enema examination CItmcal Diagnosis Retroperitoneal cyst 
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Opaation — A long right rectus incision disclosed a cyst which lay behind the 
te’-minal ileum and cecum and which had displaced the ureter medially and the cecum 
laterally and anteriorly (Fig i) The gallbladder, appendix and the pelvic organs were 
normal The transverse colon was adherent to the cystic mass The posterior peritoneum 
was divided lateral to the cecum and transversely below the terminal ileum for a distance 
of about five inches The cyst, which was about the size of a grapefruit, then presented 
By combination of sharp and blunt dissection, applying hemostats to the cut peritoneal 
edge for traction, it was possible to enucleate the cyst and it was not ruptured until almost 
completely removed (Fig 2) It was filled with clear, brownish-yellow fluid Bleeders 
w ere stopped by packing and ligature The appendix was then removed, and the abdomen 
closed The convalescence was uneventful 



Fig I — Appearance of cj'st after rcti acting tiansveise 

colon 


Pathologic Exammatwn — Mici oscopic Dr John D McGovern Multiple sections 
through the thickened area in the cyst reveals m one area a diffuse irregular anastomosing 
series of tiny cleft-like and well-formed channels lined by typical endothelial cells Scat- 
teied foci of lymphocytes and monocytes aie interspersed throughout this area and the 
Id’-ge cyst The lining is composed for the most part of a well-defined zone of collagenous 
ccnnective tissue interspersed wuth irregular short bundles of a more deeply eosmophilic- 
stainmg material tending to produce elongated convolutional stria-hke forms in the wall 
At one point m the section the cyst is in direct continuity with a large area of typical 
angioma and the vessels contain occasional blood cells as well as precipitated lymph but 
the majority of the channels are truly w’lthout content Pathologic Diagnosis Retropeii- 
toneal massive cystic lymphangioma 

This case is lather typical in that the patient was an adult female, the 
tuinoi was on the light side, the histoiy and physical findings weie character- 
istic, the size of the mass is about that usually encountered m pievious case 
lepoits. and loentgenologic studies presented the chaiactenstic appearances 
Compaimg this case wnth other case reports m the literature it might almost 
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be stated that this condition represents a fairly well-defined clinical entity as 
far as the history, signs, symptoms and treatment are concerned The difficulty 
arises when one attempts to classify these cysts embryologically and to ascertain 
their incidence statistically by type 

Handheld Jones, whose article on this subject is the most widely quoted, 
and IS generally regarded as a classic, gives the following classes of cysts (I 
have changed his order to fit this paper ) 

(0 Cysts of urogenital origin 

(2) Teratomatous or dermoid cysts 

(3) Lymphatic cysts 

(4) Cysts of mesocoltc origin 

(5) Traumatic blood cysts 

(6) Paracytic cj sts 

(7) Developmental cvsts in full formed kidnev or pancreas 



Tic 2 — Dissection of cyst half completed, ureter being 

freed 

On the last three classes of cysts this paper has no comment and Handheld 
Tones mentions them simply as of interest from the diagnostic point 

Standaid pathologj texts^** give the incidence of cystic retroperitoneal 
tumors as being much lover than solid retioperitoneal tumois Kretschmer 
and Hibbs^' quote Gobell’s® 1901 collected report of loi retioperitoneal tumors 
of which 12 weie reti opei itoneal cysts Fiank^ leviewed the literature between 
1925 and 1936 snd collected 107 cases of which eight were cysts These 
included two lymphangiomas, two lymph cysts tw'o sanguineous cysts, one 
serous cyst and one hemangio-endothelioma (all lecovered) The majority of 
these tumors w ere mesodei mal in origin There w'ere also ten teratomas m his 
list, of which five recovered Concerning the relative frequency of retroperi- 
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Fig 3A — ^T-ow power photomicrograph of cyst wall (Thickest area) 



Fig 3B — ^Medium power photomicrograph of cyst wall (Thickest area) 
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toneal veisns mesenteiic and omental cjsts, Geistei’ states that there are 
between 450 and soo case lepoits on the lattei and only 18 on the former 
Accoi ding to Hmman, Gibson and Kutzmann^ ’ neai ly all cystic reti operi- 
toneal tumors have their oiigin from fetal renal elements This view is sun- 
ported by Mamy,-- and by Jacquot and Fairise Maury's case had tubules 
and glomeruli in the wall and a uretei-like tubulai structuie attached to it 
Jacquot and Faiiise’ case also had lecognizable lenal elements in its wall and 
w as situated betw'een the layei s of the descending mesocolon This type of cyst 
was first desenbed by Rotlr'’ m 1881 Hmman, et al , state that “it is highly 
piobablethat a gieat vaiiety of cystic and solid neoplasms of the letioperitoneal 



Fig 3C — High now'er pliotomicrognph of c^st wall fTIiickcst aiea) 


space in relation to the adienal, kidne}, bioad ligament, speimatic coid, epi- 
didymis and possibly the testicle ha\e their oiigin in wmlffian bod) remnants ” 
In support of this theoiy is the fiequency of the condition in women where the 
mullerian duct makes up the geneiative tiact and the woIffian body exists 
almost entiiely as an ati opine unutilized condition On the othei hand, Hia- 
man, et al , quoting Mauiy, state that only five cases wnth piimitive glonieuili 
and renal tubules in the wall are lepoited in the American liteiatuie Then 
assumption is that the vaiiety of findings, micioscopically, m the wall of the 
cyst IS due to the neoplasm aiising out of one of the many poitions of the 
w'olffian body 

Closely 1 elated to cysts of wolffian body oiigiii, and often consideied as of 
the same type, are cysts aiising fiom the cells of the genital iidge which lies just 
lateral to the w'olffian body These cysts, wdien chaiacteristic, assume the 
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appeal ance piesented by Stewait S"‘ case, ■\\hich was clesciibecl as a uniloculai 
compound cystic ovaiian adenoma, fotii and one-half inches in diametei, sit- 
uated on the outei side of the ascending colon Stew ait’s conjectuie poses the 
possibility that these c) sts ai e distant i elatives of i eti opei itoneal tei atomas and 
del molds of the ovaiy, the common ancestoi being a totipotential sex cell 
which becomes sequestiated on its couise fiom the moiula to the genital ridge 
and latei in adult life assumes independent gi owTh qualities 

This view^ IS nioie oi less accepted by Lahey and Eckeison^® w-ho lepoited 
two cases of this type m 1934 They state that “mesenteric, omental, and 
letiopei itoneal cysts must actually be giouped m the same categoiy since the 
mesenteric or omental vaiiety aie meiely an anteiioi extensive 01 inclusion of 
those oiigmall}'' letiopei itoneal ” The distinction, they go on to point out, is 
based on clinical signs while pathologically and embiyologically, the cysts are 
alike They suggest that since the cysts spi mg fi om one of the tin ee gei mmal 
layeis, those fiom the ectodeimal and endodeimal elements may be classed as 
dermoids and those of mesodeimal oiigiii called mesodei molds Of Lahey and 
Eckei son’s tw'O cases, one w^as 1 eti ocecal and no mici oscopic report is appended 
The other was lepoited as a simple C3'st of the ovaiy and lay latei al to the 
descending colon 

Typical 1 eti opei Itoneal tei atomas aie, as noted 111 Flank’s leview of the 
literatuie, at least as common as all othei 1 eti opei itoneal cysts put together, 
but retropei Itoneal dei molds are less common Handheld Jones includes three 
cases m his leview, these usually contained sebaceous mateiial and haii 

Although there ai e a number of cases of chylous and nondesci ipt lymphatic 
cj^sts lepoited m the hteiatuie, theie aie, 01 weie accoiding to Kretschmei 
and Hibbs, only hve cases of typical 1 etropei itoneal lymphangiomas, all on the 
light side, lepoited up to 1934 (two childien and thiee adults) The view' is 
suppoited by Ingiaham and NelsoiT'* who, m 1939, lepoited the case of a 
W'oman wnth a large cystic midline lymphangioma of the 1 eti operitoneal space 
They consider then case to be the sixth in the literatuie While these authors 
quote McFadden,-^ and Makms,“’^ as being of tbe opinion that many of the 
repoited mesenteiic and 1 eti opei itoneal cysts aie lymphangiomas, they prefer 
not to accept this opinion 

Unfortunately, many of the eailier lepoits on so-called “chyle cysts” were 
based on the finding of a milky contents wnthin these c} sts rather than in accu- 
late study of the cyst w'all Gerstei, wdio made an extensive study of this sub- 
ject, points out that chyle and lymph aie indistinguishable grossly, and that 
studies of the fat content from lymph fistulae from the lower extiemities have 
shown vaiiations almost identical wnth ch3de itself (fiom o 6 to 47 pei cent) 
He also quotes Volkmann"” as having obseived a chyle-containmg cystic 
lymphangioma in the neck 

Hadley,” in 1916 pointed out that reti operitoneal lymphatic 01 chylous 
cysts aie piobably 1 elated to hygiomata in the neck and are derived from one 
of the foui primitive lymphatic sacs The principal objection to this theory is 
that most of the abdominal cystic lymphangiomata leported have been in adults 
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while most hygromata ot the neck aie m children In iavoi ol this condition 
being a separate entity fiom woIffian body cysts is that the reported cases occur 
almost as often in males as females and while some of these cysts may be indis- 
tinguishable fiom some of the wolffian variet}', some, at least, have quite definite 
characteristics of their own A typical cystic lymphangioma has walls composed 
of connective tissue with numerous endothelial-lined lymph spaces which in 
some areas show cavernous development Besides connective tissue, smooth 
muscle cells are present and more oi less lymphoid infiltration The cyst may 
have an endothelial lining oi it may be absent The contents may be serous oi 
chylous and bloody if traumatized No connection with nearby lymphatics is 
necessaiy 

Some of these cysts apparently arise from degenerating or regressive 
changes m cavernous lymphangiomas Since Gerster’s leport, another case 
has been reported in 1942 by Lee Lee presents an ingenious hypothesis foi 
the origin of chylous cysts On the basis of a small effusion following trauma 
theie IS an ingrowth of endothelial cells and a cyst is formed by a reversed flow 
of chyle into this space » 


Table I 


AUDITIONAL CASE REPORTS HOT PREVIOl SLY SUMMARIZl D 



Author 

Sex 

Age 

T> pe 

Size 

Location 

1 

Barthelsi 

F 

44 

Lymphatic 

Child s hst 

Midline 

2 

Corniolos>’< 

r 

35 

Parchment thin wall lined with 
calciform cells 

Infant’s head 

Retrocecal 

3 

Forster* 

F 

36 

Wolffian type lined columnar 
epithelium 

Diameter 12 IS cm 

Connected to left 
kidney 

4 

Lawen & Biebl” 

F 

18 

Wolffian type with glomeruli in 
wall 

10 cm long 

Attached to right 
renal vessels 

S 

Rosenfeld*' 

F 

28 

Exceedingly thin lining isolated 

Goose egg 

Retrosigmoidal 


epithplial cells and leukocytes 


Handfield Jones distinguishes another type of cyst, which he calls 1 esocolic 
in origin, formed by imperfect fusion of the layers of the peritoneum This 
cyst is found only in the area betw'een the ascending and descending colon and 
below the transverse mesocolon and it ahvays lies antenoi to the spermatic or 
ovaiian vessels These cysts have a thin fibrous wall and a delicate flattened 
lining He describes one case of this type which “is either mesocolic or 
lymphatic in origin ” In perusing the literature, I have been unable to find any 
recorded cases w^hich fulfilled these characteristics unless it be that of Wilson,®^ 
described m 1929, and Wilson is quite doubtful about the origin in his case 
From the foregoing review it seems apparent that there are actually two 
general types of primary developmental retroperitoneal cysts, the distinction 
between the twm being as follows One type is that derived from ectodermal 
(or perhaps of entodermal) elements, the wolffian body or genital ridge or a 
more primitive cell, and shows in its w'all epithelial elements This cyst usually 
occurs in women and occupies a lateral position The second type is derived 
from mesodermal, or lymphatic elements and occurs in any age-group and 
either sex, and may have either a inidline or a lateral position As to the 
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incidence of either one of these types ot cysts, one can only speculate In addi- 
tion to the 1 8 or 20 cases of lymph cysts collected by Gerster and the five 
Wolffian body cysts reported by Hinman, et al , there are Lahey’s and Eckei - 
son’s two cases and othei s mentioned here, and I have been able to find at least 
three more wolffian types and two lymphatic in the literatuie not recorded in 
these summaries (Table I) Incomplete references to the incidence of 

this condition are common Hinman, et al , state “the literature abounds with 
reports of cysts which are consideied as being of wolffian origin — ” Whipple,^*^ 
discussing Gerster’s paper, infers that he has had several cases Barney,^ in 
1925, was able to find five cases m the records of the Massachusetts General 
Hospital and makes the statement that the tumors are more frequent in women 
than men Stone,^® discussing Barney’s paper, remarks that he has had three 
or four cases m children Hawthorne^^ stated that he had opei ated upon two 
patients for retroperitoneal cysts 

Regardless of their origin, the walls of these cysts are usually described as 
having three layers, microscopically An outer connective tissue la> er , a middle 
lymphoid layer, and an inner layer lined vith flattened cells At times these 
cells may assume columnar form and at other times they are so flattened as to 
be absent or endothelial m character The presence of ovarian elements, 
adenomas or malignancies, skin, hair or lymphoid elements, etc , is necessary 
to make an exact diagnosis Except for dermoid types and cysts which have 
undergone inflammatory or malignant changes, the walls are so thin that they 
are often ruptured on removal Most of the reported cases have, like the 
author’s case, been found on the right side, that is retrocecally rather than 
retrosigmoidally 

The general group of symptoms noted in all these tumors is that of incon- 
venience, discomfort and pressure, incident to size As a rule they are pain- 
less because they are slow growing and the function of adjacent structures is 
not impaired General or local enlargement of the abdomen m conjunction 
with a feeling of discomfort is the most usual complaint Other symptoms 
include anorexia, pain and dyspnea, all noted in the larger-sized tumors accom- 
panied by weight loss Infection occurring m these cysts is apparently of 
unusual occurrence, and presents the signs of local tumor with sepsis and 
severe pain 

The diagnosis of retroperitoneal cysts is made by a process of eliminating 
other possible tumors The importance of pyelography and the barium enema 
in the diagnosis of retroperitoneal cysts has been pointed out by Lahey, et al 
By these procedures, the correct diagnosis was made m the first case reported 
The condition is to be suspected in a patient who has an asymptomatic, rounded, 
rather immovable cystic-feeling tumor in the right or left lateral abdomen 
Disease of the kidneys, ureter or colon is ruled out roentgenologically , mesen- 
teric cyst, according to Moynihan,^'! is generally near the umbilicus and very 
mobile, pancreatic cysts present in the upper abdomen and he behind the 
transverse colon until quite large, and roentgenograms of the duodenum show 
elongation of the duodenal loop Cysts arising from the adrenal, kidney, pan- 
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cieas 01 the intestine aie al\\a)’-s to be i tiled out in the diffeiential diagnosis 
Although these are also letiopentoneal c>sts, the}^ are not to be confused with 
the true pnmaiy i eti opei itoneal cysts undei consideration above A letiopen- 
toneal cyst may also simulate a high-lying ovaiian cyst, and be so diagnosed 
preoperatively 

The ti eatment of this condition is entirely surgical and the uncomplicated 
cyst becomes a pioblem to the surgeon only because of its intimate i elation to 
the gieat vessels and the uietei By making a vertical incision in the peii- 
toneum lateral to the cecum and extending this tiansversely across the brim ot 
the pelvis and displacing the colon upwaid as well as medially, one can 
approach the ureter and great vessels and keep them under direct visualization 
during the process of removing the cyst A little caie m handling the mesen- 
tary of the bow^el prevents an}' bleeding and, providing the field is kept di}, 
no difficulty should be encountei ed in avoiding tbe ui etei and the great vessels 
The cysts have a tendency to luptuie dm mg lemoval as the w'alls are ver} 
thin This accident has no effect on the outcome ot the opeiation but makes it 
more difficult to determine wdiether the entire c}st has been removed oi not 
Occasionally, marsupialization of the cyst wall may be necessary m cases in 
w'hich the patient is a poor surgical iisk oi in complicated cases This pro- 
cedure w ill effect a cure in a chylous evst 

The piognosis wuth removal of these cysts is excellent Occasionally the 
cystadenomas undergo malignant changes, and Haiiington and Ganshorn” 
leport a case of a malignant cystic hemangio-endothelioma lying letropeiito- 
neally, lesulting in death of the patient 

SmiMARV 

A discussion of the vaiious theoiies foi the oiigin of piimary letiopeii- 
toneal cysts has been given, togethei with tlie accepted methods ot diagnosis, 
treatment and a report of a peisonal case 
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Despite the many lecent leports conceinmg the surgical tieatment of 
vancose veins, it is difficult to find laige series in which end-results after an 
adequate period of follow-up aie given Even moie unusual are gioups of 
cases in vhich comparisons aie made between various types of operative pro- 
cedure employed under similar conditions Among the many competent and 
expel lenced authois there seems to be no general agreement on the operation 
oftermg the best chance of a cuie of this A'-eiy common disorder 

In 1942, Moore and Knapp’^ leviewed 121 cases of vancose veins fioin 
the Suigical Depaitinent of the New York Hospital We piesent a reconsid- 
eration of their findings on the basis of a laiger senes of cases and, in addition, 
a study of factois winch the}'^ did not discuss To accomplish this we have 
reviewed all cases of varicose veins tieated by operation between 1940 and 
1944, to obtain information concerning physical findings, the type of operation 
employed, duiation of hospitalization, number of postoperative injections 
required to give satisfactoiy results and the ultimate outcome, as detei mined 
by stiigeons examining the patients in the Hospital clinic Recent reports of 
the surgical treatment of varicose veins from other clinics have been leviewed 
The lack of pi oof that there is any one method which is supeiior to others 
in the treatment of vai icose veins is demonstrated on oui sei vice by the simul- 
taneous use of seveial opeiative procedures by surgeons on the three Services — 
men with the same relative ability and experience Duiing the past few years 
each of these three subdivisions of the Suigical Depaitinent has employed, 
almost exclusively, one of the three moie common operative piocedures — high 
saphenous ligation , multiple ligation , 01 stripping of the vein — without regard 
to the severity of the vaiicosities It is believed that this nonselective factor 
adds considerably to the value of this studv The majority of retiogiade injec- 
tions of scleiosing solutions ^\ele done in the fiist tvo jeais of the period 
studied 

Patients complaining of vancose veins aie fiist seen 111 oui Vancose Vein 
Clinic, where the majority are tieated b)'^ injections The cases lequiring more 
than this therapy are admitted to the hospital the day before opei ation Almost 
without exception these patients have incompetence of the inteinal saphenous 
valves, as shown by a Brodie-Tiendelenburg test, and 65 per cent were found 
to have incompetence of the communicating vessels as well None gave evidence 
of obstruction of the deep veins by Perthe’s test or modifications of this test 
The operations were earned out undei local anesthesia by the resident staff, 
and consisted of five types of pioceduie (i) High ligation of the internal 
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saphenous at its junction with the femoial vein, following a technic desciibed 
in the eailiei papei fiom this clinic,^ caie was exeicised to divide all collaleials 
of the uppei poition of the vein and to lemove a segment of 4 to 6 cm , (2) 
high hgation of the saphenous vein at its junction uith the femoial vein as in 
( I ) , plus multiple mtei 1 uptions h} hgation and division of the vein along its 
couise, lequiiing thiee to seven incisions and avei aging foui , (3) high hgation 
of the vein as in (i), plus extiipation of a poition of the internal saphenous 
vein by means of the Mayo stiippei Two 01 thice supeificial incisions in the 
thigh ueie made along the couise of the vein to secuie and divide laige collat- 
eials and perfoiators, (4) high hgation as 111 (i), and letiogiade injection of a 
scleiosmg agent into the distal vein In almost one-half of this gioup of cases 
the inteinal saphenous vein was also divided in the lower thigh and the distal 
segment injected Five pei cent sodium monhuate was most often employed, 
usually injected by syringe tluough an uiethial catheter as the cathetei was 
withdiaw'ii from the vein, (5) high hgation as m (i), and excision of a piomi- 
nent vaiix in the low^ei thigh 01 calf 

Postoperatively, to occlude the remaining supeificial venous cii dilation, the 
leg was immediate!} wrapped with thiee 01 foui semielastic bandages applied 
wdiile the foot is maintained in an elevated position, and leaching fiom gioin 
to foot The patients aie ambulatory on the afternoon of the day of opeiation 
and, if possible, dischaiged fiom the hospital the next day Sutuies aie 
lemoved in the Minoi Suigeiy Clinic Whenevei indicated, the patients aie 
lefeired to the Vaiicose Vein Clinic foi the injection of scleiosmg agents, and 
they are seen in the Follow-up Clinic at intervals of six and 12 months 

Results — Of the 365 consecutive cases leviewed, 288 w'ere follow^ed for at 
least one yeai, the aveiage period being 18 months Thus, w^e have follow^ed 80 
per cent of our cases long enough to show’^ most of the poor lesults due to fail- 
ure of the opeiative pioceduie Moore and Knapp^ indicated that beyond one 
year there is little change in the compaiative lesults We have lepeated then 
method of detei mining this fact m Table VI and find no significant lelative 
change m operative results as the follow'-up peiiod is lengthened (Table VI) 

Of the 288 cases wuth adequate follow^-up, 124 were treated unilateially, 
wdiile 164 lequired bilateral operations, making a total of 452 extiemities 
wdnch form the basis of this study The peicentage of bilateial involvement of 
56, agiees wuth Steubnei’s^ lepoited 52 per cent The light extiemity was 
affected m 51 pei cent, the left in 49 pei cent of the total Ochsner,'* McPheet- 
eis,^ and Steubnei" also failed to show' piedilection foi eithei leg 

Females piedominated, compiising 70 pei cent of our senes This latio of 
3 to I is noted by McPheeteis and by Beinstein,^ Ochsnei and Mahoinei’s 
series showed a laigei piopoition of w'omen, but then cases included a large 
number of females in whom pregnancy and vaiicosities coexisted In oui 
series of cases 70 of the 200 women gave piegnancy as the inciting cause of 
the condition 

The average age of the patients w'as 46 5 years Ochsnei ’s nonpi egnant 
patients averaged 484 years, McPheeteis lepoited the highest incidence of 
varicose veins 111 the sixth decade ^ 
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The lesults of operation and postoperative sclerosing injections in our 
cases are classified in four groups (i) Excellent, which implies absence of 
symptoms and absence of significant varicosities, (b) good, which denotes 
maiked improvement but with tlie presence of minor complaints or small 
varicosities, (3) improved, sliowing definite improvement but with symptoms 
and moderate varicose veins , and (4) poor, showing little or no improvement, 
development of ulcers or need of further operative treatment 

Finally, because it is realized that any classification of results of treatment 
must be more or less arbitiary and subject to vaiiables on the part of the 
patient and examining suigeon, the good and excellent results are combined as 
satisfactory and the improved and poor as unsatisfactory 

In Table I the results are classified according to the opeiative procedure 
Seventy-nine per cent of the w hole series were found to have been satisfactorily 
treated with the best results obtained by multiple ligation, high ligation with 
retrograde injection, and stripping, in the older named (Table I) 


Table I 


Results* 


Unsatisfactorj Satisfactory 



No 

Poor 

Improi ed 

Total 

Good 

Excellent 

Total 

Operative Procedure 

Cases 

% 

% 

% 

% 

% 

% 

High ligation 

103 

7 

24 

31 

36 

33 

69 

Multiple ligation 

High ligation and retro- 

121 

3 

7 

12 

48 

40 

88 

grade injection 

103 

7 

8 

IS 

42 

43 

85 

Stnpping 

104 

2 

17 

19 

35 

46 

81 

Ligation and excision 

21 

10 

19 

29 

38 

33 

71 

Total 

452 


~ 

21% 

- 

“ 

79% 


* This shows percentages of satisfactory and unsatisfactory results obtained by the 
various procedures Multiple ligation high ligation with retrograde injection and 
stripping in the order named gai e the best results while high ligation alone produced 
relatively unsatisfactory results 


Table II gives the average number of days of hospitalization required for 
each procedure It is customary to discharge patients as soon as possible after 
operation because of the shortage of beds, and because it is felt that an early 
return to normal activity is a good prophylaxis against pulmonary embolism 
Prolonged hospitalization, therefore, usually signifies the occurrence of com- 
plications, or the unwillingness of the patient to leave the hospital because of 


Table II 

Average Days 

Procedure Hospitalization* 

High ligation 3 6 

Multiple ligation 3 8 

High ligation and retrograde injection 4 4 

Stnpping I 4 5 

Ligation and excision 4 4 


* This shows the average hospitalization in days for each 
operations It reveals that the more extensive procedures were 
followed by longer hospitalization 
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discomfort The table offers some information on the degree of pain suffered 
after the different procedures As might be expected, the simplest operations — 
high ligation and multiple interruption — were followed by a shorter stay in 
the hospital than were stripping and retrograde injection, both of which may 
produce painful extremities (Table II) 

Table III presents the average numbei of postoperative sclerosing injections 
lequired to give satisfactory results following each operation (Table III) 


Table III 

Average Number 


Opentive Procedure of Injections* 

High ligation 4 3 

Multiple ligation 3 4 

High ligation and retrograde injection 2 0 

Stnpping 3 0 

Ligation and excision 3 6 


♦ Average number of postoperative injections followang each 
of the procedures Fewer injections were required after retro- 
grade injection, stnpping and multiple ligations 


The postoperative complications — ^phlebitis, infection of the wound, and a 
questionable instance of pulmonary embolism — are presented in Table IV It 
will be seen that multiple ligation was followed by the largest number of 
complications, but, for the most part, these were minimal wound infections or 
failure of all incisions properly to heal at once One case required readmission 


Operative Procedure 


Table IV 


Complications* 


High ligation 
Multiple ligation 

High ligation and retrograde injection 
Stnpping 


1 hemorrhage requinng reopening of the wound 
6 superfiaal wound infections or delayed healing 
1 severe bilateral phlebitis of internal saphenous 
1 superficial phlebitis 
1 hematoma of wound 

1 superficial phlebitis 

2 superficial wound infections 

1 questionable pulmonary embolismt 


* Complications following multiple ligation were more numerous than after other 
procedures but more severe after retrograde injection There were no fatalities 
t Diagnosis not venfied by examination 


for three days, while the others were treated without difficulty in the Minoi 
Surgery Clinic The most serious complication was a painful bilateral phlebitis 
of the internal saphenous system following retrograde injection of 5 per cent 
sodium morrhuate This patient required a total of 15 days’ hospitalization 
In contrast to the earlier report of cases from this hospital which included 
two deaths from massive pulmonary infarction following high ligation and 
excision, this series had no deaths An incident, suggestive of pulmonary 
embolism following a stripping operation, was reported to the clinic, but this 
diagnosis could not be confirmed by examination 
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SUMJIARY AND DJSCUSSION 

On the basis of the lesults obtained in tbe cases studied, it would seem that 
any operation which combines high ligation at the saphenofemoral junction 
with the addition of multiple interruptions of the saphenous vein, shipping of 
the vein, or retrograde injection of a sclerosing solution will give from 8o to 
90 per cent satisfactory results 

The results of multiple ligation were slightly better than those following 
the other procedures but the higher incidence of wound infection and poor 
wound healing associated with it are undesirable These complications of the 
opeiation probably are due to the fact that more incisions are requned and 
that a laigei area of the leg must be exposed at operation, hence, draping can 
be less precise It is believed that gi eater caie in technic might eliminate 
this factor 

Table III, giving the number of postoperative injections follownng each 
proceduie, indicates that to scleiose isolated segments resulting fiom multiple 
interruptions, necessitates a laiger number of postoperative injections than are 
needed after operations wdiich remove the vein by sti ipping or obliterates it by 
injection at the time of operation How'ever, since multiple ligation is a simple 
procedure it should not carry the same risk of embolism which radical extii- 
pation of the vein or the injection of scleiosing solutions do 

Extirpation of the saphenous vein with the Mayo strippei gave good 
results in a high percentage of cases Since, in this pi ocedure, the vein actually 
is removed and all commumcatoi s severed, these satisfactory results can be 
expected That thej'' were not better than those following other operations may 
be due to the fact that the vein generally w'as stripped to just below^ the knee 
and incompetent communicators wuth the external saphenous oi the deep veins 
of the calf were not adequately tieated If the opeiation is used, the stripping 
probably should be continued dowm to tbe ankle, as lecently described by 
Hodge,® or combined wnth multiple ligations in the calf Ochsnei and Mahorner, 
in their monograph,^ expressed fear of a high incidence of pulmonary infarction 
following any attempt at extirpation — a reasonable consideiation not borne out 
by experience The only case wuth symptoms suggestn e of embolism, how'evei, 
follow'ed this procedure Stripping the saphenous vein undei local anesthesia 
usually causes the patient great discomfort and general anesthesia pi events 
their early mobilization 

High ligation with retrograde injection also w'as eftective, and following 
this procedure, the smallest number of postoperative injections w^ere requiied to 
obtain satisfactory results This opeiation has been recommended by many 
experienced surgeons and has gained wide acceptance Ochsnei and Mahorner'^ 
consider it the procedure of choice wdien combined wnth low ligation in cases 
with incompetent communicators Fiom the experience wnth 2,582 ligations of 
varicose veins, MePheeters® concludes that the operation gives unifoimly good 
results In 1942, a series of reports from the Mayo Clinic, by Waugh and 
Heyerdale, and associates,'^’ ® lecommend it as the procedure of choice PratC 
reports 90 per cent and Sears^® 81 per cent satisfactoiy results following this 
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opeiatioii LyalF^ desenbes the use of high hgalion %Mth letiogiade injection 
in 200 piivate patients and Peaice’“ lepoited a senes fiom an Ariii}^ hospital 
ti eated u ith good i esults 

Retiogiade injection ho\\e\ei, has the disadvantage of the dangei of 
producing painful and seiious leactions In 1942, VanghiP^ found 44 cases of 
fatal pulnionai} embolism following the injection theiapy lepoited m the htei- 
atuie and added one of his o\\n Atlasd' m 1943, called attention to the haz- 
atds of injecting scleiosmg solutions either diiectl)' 01 letiogiade, and 
expressed the opinion that injection at the time of opeiation was contiamdi- 


Ta <tr V 

Incompetent Com mii mentors Competent Communicators 




Results 



Results 


Operatne Procedure 

Unsatisfactorj Satisfactori 

Unsatisfactorj Satisfactory 

High ligation’^ 

18 


44 

10 


27 



62 



S7 


Multiple ligation 

7 


74 

4 


33 



81 



37 


Stripping 

14 


so 

5 


30 



64 



35 


Ligation and retrograde injection 

8 


so 

4 


38 



58 



12 


L gation and e\cision 

1 


11 

3 


5 

t 

✓ 

12 



8 


Total 


277 



ISP 



•*= CHssificntion of results obtained with each procedure ns related to the prcopcmtnc condition of the 
communicators, it sho \s the inadcnuate results achieved after high ligation in cases e\ en \vithout demonstrable 
incompetent communicators 


cated In our senes the opeiation was followed by seiious complications in a 
few'- cases and, quite geneially, by piolonged hospitalization In lecent yeais 
the method has been largely abandoned at the New' Yoik Hospital — not because 
of a great number of serious complications but because of the postopeiative 
discomfort associated with the opeiation and because the 1 esults w'eie not so 
satisfactoiy as following othei pioceduies 

In oui experience, simple high ligation has been lelativel} unsatisfactoiy 
Only 69 per cent of the patients ti eated in this mannei could be said to have 
satisfactory results A highei percentage of good results could haidly be 
expected from a method w'hich gives no considei ation to the communicating 
vessels With the added procedure of postoperative injections, the results 
might be expected to be adequate for an extremity in wdiich no incompetence 
of the communicating vessels could be demonstiated Oui results offei evidence 
against this assumption In Table V aie piesented the 1 esults accoiding to 
the operation and the preoperative condition of the communicating vessels 
w'hen this mfoimation w'as available (436 of 455 extiemities) It w'lll be seen 
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tliat 10 of tlie 37 cases (27 per 
cent) without demonstrable in- 
competence of communicators, 
treated by high ligation, gave un- 
satisfactory results, vbile only 
four of the seven (ii per cent) 
tieated by multiple ligation, five 
of 35 ( 14 per cent) subjected to 
stripping, and foui of 38 (10 per 
cent) treated by ligation and 
retrograde injection were unsat- 
isfactor) Further evidence can 
be deduced from the results in 
cases \\ ith proven incompetent 
communicators subjected to high 
ligation (29 per cent unsatisfac- 
tory), which were only slightly 
worse than those without such in- 
competence (27 per cent) 
Finally, high ligation with only 
one interruption — ^by excision of 
a varix in the thigh or calf — ogives 
more satisfactory results than 
high ligation alone It is believed 
that even when no incompetent 
communicators can be demon- 
strated at the time of operation, 
Intel ruption of the saphenous at, 
or below, the usual site of the 
communicatois should be carried 
out on the assimiption that in- 
competence was not detected by 
the clinical tests or that the com- 
municating vessels may become 
incompetent later Any commun- 
ication with an incompetent ex- 
ternal saphenous vein should be 
given cai eful consideration, as has 
been emphasized by Heyerdale 

CONCLUSIONS 

(1) High ligation of the saph- 
enous vein combined with multi- 
ple ligations, retrogiade injection 
or stripping of the vein have been 
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found to give between So and 90 pei cent satisfactory results in 452 cases of 
varicose veins obseived for one yeai 01 inoie after opeiation 

(2) Hospitalization vas longest and degiee of discomfort to the patient 
was greatest following letrograde injection or stripping, and least after high 
ligation 01 multiple ligations 

(3) Complications were more frequent after multiple ligation though the 
majority were not serious, and phlebitis occurred more often after retrograde 
injection There were no proven cases of pulmonary embolism, and no deaths 

(4) Simple ligation with retrogiade injection required the smallest 
number of postoperative sclerosing injections to attain satisfactory results 

(5) Multiple ligation, combining the advantages of a safe procedure easil) 
performed under local anesthesia, with superioi results is in our expeiience, 
the operation of choice 
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PERSISTENT OMPHALOMESENTERIC (VITELLINE) ARTERY 
CAUSING INTESTINAL ORSTRUCTION AND GANGRENE 
OF MECKEL’S DIVERTICULUM* 

Valentine R Manning, Jr , M D , and Edward F McLaughlin, M D 

Philadfi,piiia, Pa 

Among the rarer conditions which aie encountered m siugeiy those 
which precipitate practical problems are especially woithy of consideration 
Persistent omphalomesenteric, or vitelline, artery falls into this category Its 
presence is one of the infrequent causes of intestinal obstruction The liter- 
ature contains only i6 cases in which a persistent omphalomesenteric arteiy 
caused symptoms, and, of this number, evidence of intestinal obstruction was 
found at operation or autopsy in ii cases (69 per cent) In addition, six 
asymptomatic cases have been leported, making a total of 22 cases of per- 
sistent omphalomesenteric artery in the literature 

Of these 22 cases, a Meckel’s diverticulum of the ileum was piesent in 13 
(59 per cent) Of the 11 cases piesentmg evidence of intestinal obstruction 
at operation or autopsy, 10 (91 per cent) had a coexistent Meckel’s diver- 
ticulum This association is not surprising if e consider the origins and fates 
of these structures in the embryo 

EMBRYOLOGY' 2 < is is "s 2C 

The yolk sac is demonstrable at the second week of intia-uteniie life The 
yolk sac and the primitive gut aie connected to each other by the yolk-stalk, or 
vitelline (omphalomesenteric) duct The part of the gut to which the omphalo- 
mesenteric duct is attached is the midgut , from it are derived the small intes- 
tine (except the first part of the duodenum), the cecum, the ascending colon 
and the transverse colon 

During the first weeks of embiyonal development, the aorta is a paired 
structure (Fig i) From each portion a prominent vessel courses ventrally 
to the primitive gut and thence out along the yolk-stalk to reach the yolk sac 
With the merging of the paired aorta into a single aorta the two main ventral 
branches merge and the resultant vessel comes to be the supeiior mesenteric 
artery (Figs 2 and 3) , or it may be postulated that m ceitam cases these 
ventral branches do not merge and that one of the laige ventral blanches 
grows w'hile the other recedes, the developing one becoming the supenoi 
mesentery artery If the other vential branch does not recede completely but 
persists m an attenuated foim it may be identified latei as the peisistent 
omphalomesenteric vessel (Fig 4), at least that pait lunning from the ileal 
mesentery to a Meckel’s diveiticulum or to the under surface of the umbilicus, 
or to both How^ever, this theory of foimation may not be complete Where 
the mam ventral vessels have merged to one mam trunk this single ventral 

*' Read before the Philadelphia Academy of Surgery, January, 1947 
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aitei) I caches the fotming niidgut and the atteiy’s continuation out along the 
Mtelhne duct is a pancd one At tlie time uhen the vitelline duct sepaiates 
fiom the midgut (aftei six weeks) the }olk sac and the duct disappeai At 
this time one, or moie, of the vessels which ran along the vitelline duct fiom 
gut to lolk-sac ma} not disajipeai but peisist and be labeled a jieisistent vitel- 
line aiteiy 

If the gut-end of the omphalomesenteiic duct peisists and lemams m com- 
munication with the bowel it is designated a jMeckcl’s dueiticulum This is 


found at 2 to 3 pei cent of autopsies 
Peisistence of the omphalome- 
senteric arteiy manifests itself as 
an ad\entitious nitra-abdommal, 
fibious band (which ma\, oi ma\ 
not, contain a patulous vessel) cov- 
ered b} peritoneum The peisistcnt 
arteiy in all but a few cases, is at- 
tached at each end (13 cases out of 
22 reported, 01 59 pei cent) Usu- 
ally one end is attached to the an- 
terior abdominal wall and the othei 
end IS attached either to the ileal 
mesenteri or to a Mackel’s diver- 
ticulum Less often, (seien cases, 
or 32 pei cent) it connects a IMeck- 
el s diveiticulum to the ileal mesen- 
tery In a few cases the cord is 
attached at only one end In these 



Fig I — Cross-section of a human cm- 
bij'O at approMinatcly tw'o and one-half 
w’ceks This shows paired aortac joining 
to become a single vessel The two main 
\entral branches arc shown going down 
to the forming midgut 


latter instances, both m infants the unattached end hung haimlessly fiee m 
the abdomen, and gave no s} inptoms 


LITERATUKE VND CUXICAE CONSIDER VTIONS TtABLE i) 

The first cases on record were twm repoited by Sandifort,““ m 1777 
Meckel,^® m 1809, repoited a case, and was the first wTiter to suspect the true 
origin of this condition Fitz,^ in 1884, gave an excellent resume of the cases 
reported up to that date, disproved the view^ that these fibious bands w^eie 
inflammatory m origin, and clearly desciibed the manner in wdiich they aiose 
Contemporary reports are those of Postoloff,!'^ and of Smithy and Cham- 
berlin,^^ m 1946 

The first s5anptomatic cases m the hteiatuie varied m age from four months 
to “old age” The youngest case of intestinal obstiuction w^as one year old 
Of the SIX asymptomatic cases, only one was an adult 

Three clinical pictures may be seen 

(i) Acute Intestinal Ohshnetwn, wnth evidence of same at operation or 
autopsy Eleven cases (69 per cent) w^ere in this group 20, 23 

Survival of such a case has not been repoi ted 
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(2) Reament Abdominal Pam, occurring over periods of several months 
to many years Four cases (25 per cent) were in this group Pam 

was in the right lower quadrant, epigastrium or periumbilical area Excision 
of the band resulted m cure m all cases 



Fig 2 — Cross-section of embryo at 
about five weeks There is a single aorta 
and one main ventral branch, the other 
having merged, or regressed The midgut 
IS almost closed and the connection between 
It and the yolk-sac beyond is now a narrow 
tube On each side of it branches of the 
principle ventral artery (especially the two 
mam trunks) continue to the wall of the 
j'olk sac The midgut will close and the 
connection between it and the yolk-sac will 
regress 



Fig 3 — Sagittal section of embryo at 
about five and one-half weeks The main 
ventral artery is seen coming from the 
aorta to the almost closed midgut One 
branch of it is shown continuing along 
with the still-present vitelline duct 
Shown below is one of the umbilical ar- 
teries arising further down the aorta and 
making its exit into what is to be the 
umbilical cord 


(3) Infra-abdoimnal Hemoiihage Only one such case has been reported ® 
In a four-month-old infant, cauterization of granulation tissue at the umbilicus 
necessitated traction on the pedicle by which it was attached Death resulted 
from mtra-abdominal heniorihage Autopsy revealed a cord extending from 
the umbilicus to the ileal mesentery, the cord was attached to a branch of the 
superior mesenteric artery Anothei nearbv hi anch of the superior mesenteric 
artery had ruptured 

Case Report — No 9555 E M, male, white, age three years, was admitted to 
the Nazareth Hospital, on June 22, 1946 The patient’s mother stated that the child 
had suffered periumbilical pain and vomiting for three days No symptoms referable to 
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coiucTrn CAsr*; or rrRsisxrM virri i iNn aktlr\ 


Author 

Standifort2<' 
Case 1 

D Ul 

1777 

Se\ 

? 

\BC 

Adult 

Findings 

Seciforin dircrticulum, with blind extremity attached by tough 
cord to left side of cecum, forming noose to constrict intestine 
Fatal intestinal strangulation 

Case 2 

1777 

? 

? 

Diverticulum of ileum adherent at tip to mesenterj' Through 
nng thus formed intestine had become strangulated 

Cose 0 

1791 

? 

Inf lilt 

' \ppcndix arising from ileum, united at Us end to upper jiart 
of mesentcrj' by narrow strong thread Asymptomatic 

Eschrichl® 

181-1 

r 

‘•Old 

Meckel s d'vcrticulum attached by persistent vitelline artery to 
ileal mesentery, forming loop which caused fatal strangulation 
of intestine 

Falk’ 

181S 

5 

20 >rs 

Persistent vitelline artery uniting free end of Meckel's diverticu- 
lum with ileal mesentcrj to form loop Fata! intestinal strangula- 
tion 

King” 

Case 1 

1843 

? 

14 roos 

Patent Meckel's diverticulum adherent to umbilicus forming 
enteric fistula Adventitious cord connecting diverticulum to ileal 
mesentery compressed the ileum, causing fatal intestinal ob- 
struction 

Case 2 

1843 

? 

7 

Cord extending from base of Meckel’s diverticulum to ileal 
mesentcrj causing fatal intestinal obstruction 

Mahomed'* 

1875 

M 

18 irs 

Band extending from anterior abdominal wall midway between 
pubis and umbilicus, to ileal mesentery, acted as noose to cause 
fatal intestinal obstruction Meckel s diverticulum present 

Fritz* 

Case 1 

1884 

? 

28 yrs 

\ 

(Warren Museum Specimen No 496, Improvement Collection) 
Diverticulum of ileum with cord proceeding from end of diver- 
ticulum to upper surface of mesentery Through nng thus 
formed intestines became strangulated with fatal results 

Case 2 

1884 

M 

21 yrs 

Diverticulum of ileum with tendinous cord proceeding from 
diverticular mesentcrj to umbilicus Fatal intestinal strangula- 
tion 

Sheen’* 

1916 

M 

1 yr. 

E T L Umbilicus polypus excised and base cauterized Death 
one week later of intestinal strangulation Meckel s diverticulum 
attached to umbilicus by cord Ileum herniated through hole in 
diverticular mesentery, strength of constncting cord of mesen- 
tery largely due to vessel transversing it 

Postoloff" 

1946 

M 

38 yrs 

Attacks of cramping abdominal pain lor two years Cord extend- 
ing from umbilicus to ileal mesentery causing fatal intestinal 
strangulation No diverticulum 

Fraser and 
McCartney* 

1920 

? 

4 mos 

Granulation tissue attached to pedicle in umbilicus Actual 
cautenzation performed, necessitating traction of pedicle, which 
caused rupture of branch of superior mesenteric artery in ileal 
mesentery with fatal intra-abdominal hemorrhage Cord extend- 
ing from umblicus to ileal mesentery cord was attached to 
branch of supenor mesentenc artery No diverticulum 

ShawM 

1925 

F 

43 yrs 

Right lower quadrant abdominal pain since childhood Hyster- 
ectomv performed for vaginal bleeding, at operation found band 


extending from ileal mesentery to antenor abdominal wall near 
right inguinal ring Band transfixed omentum No diverticulum 
Cure followed excision of band 
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Table I Conhmied 

COLLrCICD CASES OF 1 ERSISTENT VITEI LINE \RTLR1 (Conlmlied) 

Autho'' Date Se't Age Findingb 

Gauliert® 1931 M 21 jrs Repeated attacks right lower ibdominal pain Persistent 

omphalomesenteric arterj extended from umbilicus to ileal mes 
enterj No diverticulum Fxcision of band resulted in cure 

Intermittent colicky pain in right lower quadrant and per - 
umbilical area with \omiting Persistent vitelline artery ex 
tended from umbilicus to ileal mesentery No diverticulum No 
obstruction at operation Excision of band resulted in cure 

Smithy and 1946 M 25 >rs Intermittent epigastric and periumbilical pain with vomiting 

Chamberlin’* for six months Relieved by reclining Fibrous cord extending 

from umbilicus to ileal mesentery Cord looped over ileum to left 
of latter so as to support weight of terminal ileum and cecum 
when patient was erect No diverticulum No obstruction at time 
of operation Excision of cord resulted in cure 

Derbes and 1937 7 Adult Asymptomatic Dissecting room cadaver — death from tubercu- 

Hoget losis From free end of Meckel s diverticulum cord extended to 

umbilicus Patent omphalomesenteric vessels run along mesen 
teric border of diverticulum At top of diverticulum these were 
joined by branches from inferior epigastric vessels From this 
anastomosis runs impervious arterial connection to right obliter- 
ated hvpogastric artery Two nonpatent vessels run infenorly to 
fascia surrounding urachus on visceral end omphalomesenteric 
vessels join ileal of superior mesenteric vessels 


Meckel u> 

1809 

? 

liif mt 

Asymptomatic Vessel unattached at one end 

Ruge'« 

1877 

? 

In'ant 

Asymptomatic Vessel unattached at one end 

Gesl'i 

1938 

? 

New born 

Asymptomatic Death from intracranial hemorrhage Cord at 
tached to umbilicus and to mesentery 

Hyrtli 

1870 

? 

? 

Asymptomatic ‘Very fine thread — running from mesentery to 
side of peritoneum where umbilical artery was lacking 


the urinary tract were offered There was no constipation nor diarrhea Past medical 
history was essentially negative The parents were in good health , one sibling was 
living and well 

Physical examination levealed a sturdy white male child showing obvious restless- 
ness Temp g8 6° (R) Pulse 96 Respirations 22 There was moderate tenderness on 
deep palpation in the right lowei quadrant of the abdomen No distention, rigidity nor 
rebound tenderness were elicited Peristaltic sounds were normal Digital rectal exam- 
ination was negative Laboiato?y Data R B C 3,150,000, Hb 71 per cent, W B C 
12,500, neut 90 per cent, lymph 10 per cent Urinalysis Neg 

Because of increasing restlessness, diagnostic spinal tap was performed six hours 
after admission, the findings were normal 

Twelve hours after admission, his temperature rose to 1014° (R) , pulse to 128, 
and respirations to 38 Examination then revealed abdominal distention, generalized 
rigidity and tenderness, most marked in the right lower quadrant Peristaltic sounds 
could rifet be heard The patient was prepared for surgery, and given 500 cc of 5 per cent 
glucose m saline intravenously 


Buclnmn and 1940 ? 12 111 

Wipslnw’ 
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Opoatwu — UiuRi nitron*; o\ulc-cllici 
iiKsthe';m a nghl I'ararcLtu*; incision was 
made (Fig On oiienmg the pento- 
nenm, thcic w is m.cii a uanuicnons, swollen 
Mcckd’b dn crliLtiliini oi tin. iknin, tin 
diverticulum was “ cm m length J here 
was also apparent a tough, lonnded, taut 
adventitious cord, t cm iii ehauntcr, pio- 
ccedmg tiom the nmbiheal arei postcriorh 
and tovvaids the light lor a dist.ame <it "J 
cm to attach to the mesenleiv ol the diver- 
ticulum thence, after leaving the me'-enttiv 
of Meckel s divertieiilum, it pioceeded loi 
another 3 cm to end m the base of the ileal 
mc*;ciiterv 

The diveiticulum itself was complctelv 
black, and there was torsum ot it*- neck It 
was presumed that the sac had looped 
Itself through the opening between itsell 
and the proMina! poiiion ot the persistent 
vitelline artcrv (that ruiinmg from its own 
mesenterv to the base of tiie ileal mescii- 
terv ) A loop of ileum had slipped through 
the noose formed bv the latter part of tbe 
cord and had become obstructed The 
serosa ot the obstructed bowel was ni;ectcd 

but viable Tlie intestine proximal to the obstincted loop was distended, that distal to 
the loop was collapsed The vessel-containing cord was clamped, ligated and divided m 
four places, and removed m two sections The Meckel’s diverticulum was untwisted and 
resected The abdomen was closed without drainage 

Poslopcjaiivc Couist Four davs postopcralu civ , the temperature suddenly rose 
from normal to 1036 (R) Tlie patient was restless, the abdomen distended and tym- 
panitic Penicillin 200,000 units i-in given ever) three hours On the following dav, 
tlie temperature dropped to normal and remained so , the abdominal distention was 
relieved The patient was discharged in good condition on the nth postoperative day 
Seen six montlis following discharge , the patient was found to be m excellent condition, 
and without svniptoms 

Paihologic Report “(_\ B) Club-shaped, sac-likc piece of tissut, 72 cm m length 
Blind end is larger, and measured 2 8 cm in diameter , the other end measured i 9 cm 
m diameter Wall is thickened and covered with fibrm, and is dark purplish-red On one 
side IS a small vessel coursing along its middle, 3 cm in length Each end has a small 
catgut ligature, and is 2 to 3 mm in diameter 

“(C) \Vall, necrotic and purplish-icd, and measures 3 to 4 mm 
“(D) Rounded, rcddish-brovvn structure, 29 cm long and 3 mm in diameter, filled 
with coagulated blood Catgut ligature on each end 

“klicroscopic (D) Zone of connective tissue, infiltrated with neutrophils Numerous 
hyperemic capillaries are noted” 


Fu. 4 — Schematic drawing of cross- 
section of cmhrvo at about six and oiie-half 
weeks showing gut mcoinjilctelj closed, a 
small ])ouch persisting where the vitelline 
duct led oft This is a Meckel's diverticu- 
lum Along the side of the mesentery 
of the intestine the remains of one of the 
mam ventral vessels runs out to the diver- 
ticuliim and, thence, to the under surface 
ot the abdominal wall This is the per- 
sistent V itellmc artcr} 


SUMMARY 

I The embryolog}' of the omphalomesenleuc aiteiy is piesented Per- 
sistent omphalomesenteric artery is explained on the basis of the failure of 
the primitive-paired mam ventral arteiies to fuse, one continues to develop 
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and becomes the superior mesentery artery, the other persists in an attenuated 
form This theory would explain, most logically, those cases in which the 
residual artery extends from the mesentery of the ileum to a Meckel’s diver- 
ticulum (and continues in some cases to the under surface of the umbilicus) 
or extends directly from the mesentery to the under surface of the umbilicus 
This type truly deserves the name omphalomesenteric artery 

Persistence of one of the vessels which run along the vitelline duct, and 
which could have been a continuation of one of the pair of mam ventral ves- 
sels or a continuation of the single fused mam ventral vessel, would explain 

those cases which clinically present a 
persistent vessel or the remains 
theieof, running from the ileum or 
from a Meckel’s diverticulum to the 
under surface of the umbilicus Such 
a vessel seems better designated as a 
persistent vitelline artery 

2 The literature of persistent 
omphalomesenteric arteries is re- 
viewed, and the clinical significance 
of this condition is discussed 

3 A case of intestinal obstruction 
due to persistent omphalomesenteric 
artery is presented The presentation 
of this case is of interest for the fol- 
lowing reasons 

(a) The rarity of persistent 
omphalomesenteric artery 

(b) Survival has never previously 
been reported in such a case showing 

evidence of intestinal obstruction at operation 

(c) Gangrene of Meckel’s diverticulum as a result of torsion of its neck 
contributed to, and maintained by, a taut persistent omphalomesenteric artery 
has not previously been described 

4 No characteristic set of signs and symptoms can be called pathognomonic 
of persistent vitelline artery The symptoms vary with the complication pro- 
duced The important thing is to recognize the presence of an “acute” abdo- 
men, and the diagnosis of the persistent vitelline artery is really only possible 
with the abdomen open It is well to know, however, that it may be one of 
the underlying causes of intra-abdominal pathology, and that one may occa- 
sionally encounter it 
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Fig 5 — Illustrated are the conditions 
found at operation in the present case The 
persistent remains of the vitelline artery, 
with its coverings, extends from the under 
surface of the umbilicus to the gangrenous 
Meckel’s diverticulum, and, thence, to the 
mesentery of the ileum Looping through the 
noose formed by this proximal portion is 
the segment of small bowel, which was in- 
carcerated 
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HOW LONG SHOULD AN EXTREMITY BE IMMOBILIZED 
AFTER NERVE SUTURE 

I M Tarlov, M D 

With Tcchnicai, Assistance b\ M Zaret 
Nets York, N Y 

FROM THE NFUROSURGICAL SERVICE AMD THE DEPARTMENT OF LABOR \TORIES 
JEWISH HOSPITAL BROOW-AN N A 

End- 10-END SUTURE of a nerve is liaidly ever possible ^Mtho^ll the use of 
various procedures foi OA^ercoming gaps ubich result from the loss of substance 
of neives oi the retraction of then stumps The methods commonly used foi 
gaining length consist of the often extensive freeing of the neive, rerouting 
or suturing it with the neighboiing joints flexed Even when these steps are 
taken it is sometimes necessaiy to introduce nerve grafts, but end-to-end suture 
IS preferable to the use of grafts provided that this can be accomplished without 
great strain on the suture line In those instances where joints must be flexed 
in order to bring nerve ends into apposition and lemove tension from the 
suture line, the question arises as to how' long the limb must be immobilized in 
the flexed position There exists a considerable degree of difference with 
respect to practice in such cases Groff and Houtz^ have suggested a two-w'eek 
period as adequate w'hile Hambly- advocates immobilization of the extiemity 
for a period of g-12 w'eeks follow'ing nerve repair The surprisingly high 
incidence of separation at the suture site of 7 5 pei cent (44 out of a total of 
604 nerve sutures) reported by Whitcomb® was piobabl}' to a large extent 
attributable to inadequate immobilization of the sutured nerve since 111 some 
cases “fairly rapid extension of the flexed joint as eail} as two w'eeks after 
operation” was earned out It is apparent that the period of immobilization 
must be long enough to avoid rupture of the suture site w'hen the joint is 
extended On the other hand, one must avoid too piolonged fixation of the 
joint since the inevitable muscle atrophy and peiiaiticulai changes that ensue 
delay or even prevent recovery of function Active and passive motion of the 
joint over which the sutured neive passes must not be started before satisfac- 
tory healing of the suture line has occurred but it must not be delayed unnec- 
essarily bej'ond this point An attempt has been made in this stud)' to resolve 
this apparent dilemma by the performance of a sei les of expei iments upon 1 ab- 
bits and dogs Microscopic studies of the process of healing at the suture line 
together w'lth deteiminations of the tensile strength of the sutured neive 
were made 

A pievious attempt was made to settle th is problem by Miller ■* He earned 

This work Avas done under a contract recommended by the Committee on Medical 
Research between the Office of Scientific Research and Development and the Jewish 
Hospital of Brooklyn 
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Fig I — (A) Nerve sutured with plasma clot and removed four days after opera- 
tion Union of stumps has not occuned (Hematoxylin and eosm, x22) 

(B) Five-day-old sutured nerve Streaming of cells across the suture site has 
occurred (Hematoxylin and cosin, x 32 ) 

(C) Nerve sutured with plasma clot seven days before excision of specimen Slight 
seepage of plasma into suture line has occuired and theie has been cellular proliferation 
between the stumps (Hematoxylin and eosiii, x 20 ) 
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out experiments in 1 1 dogs, suturing the sciatic nerve with silk oi catgut 
Tensile strength determinations vere made of the suture site at the following 
intervals after operation i week, m 3 dogs , 2 weeks, in 2 , 3 weeks, in 2 , 4 
weeks, in i , and 5 weeks, 111 3 animals Miller concluded that the strength of 
the suture line was “practically as great at the end of the third week as at the 
end of the fourth or fifth week ” Comparisons of the strength of the suture 
line with the strength of the intact nerve were not made Singer^ showed 
that the tensile stiength of the sciatic nerve of rabbits m which sutuie was 
accomplished by the use of fibrin film and thrombin, remained approximately 
constant during the first three postoperative days, but dropped by the fourth 
day to an average of 90 Gm from an initial value of just over 100 Gm After 
the fourth day it rose to an average of 338 Gm on the sixth day and 625 Gm 
on the tenth day. The results showed that “sufficient healing occurred by the 
end of the fifth or sixth day to ensure retention of the stumps without the aid 
of the suture material” Singer’s studies weie not carried beyond ten days 
atter suture 


MEIIIOD ^ 

I 

In om expel iments both sciatic neives in a senes of 14 labbits were 
exposed, severed and then sutured by the use of the autologous plasma clot 
technic® Two of the three untwisted stiands of No 00 corticelh black silk 
vs'ere used as tension sutures to approximate the nerve ends and accurate 
apposition rvas achieved \vith the aid of plasma clot The tension sutures were 
employed in order to avoid strain on the suture site during the unrestricted 
movements of the animal following recovery from the anesthetic The animals 
were sacrificed at various intervals after operation, and 4-cm segments of the 
nerve were removed (2 cm to each side of the suture site) Also, 4-cm seg- 
ments of intact sciatic nerve were excised The silk tension sutures were 
removed and tensile strength measurements were made of the sutuie site, the 
intact nerve, and of one of the withdrawn silk tension sutures from each nerve 
For the purpose of microscopic study, the same technic of nerve suture w^as 
used upon the sciatic nerves of dogs, with the exception that tantalum wire 
( 003-mch in diameter), which causes less tissue reaction than silk,® was used 
as tension sutures Observations Avere made upon several hundred such 
nerves at intervals ranging up to 18 months after operation This material was 
prepared for study by a variety of histologic technics (hematoxylin and eosm 
Laidlaw ’s connective tissue method, Gros-Bielschow^ski technic for axis cylin- 
ders, and osmic acid technic for myelin sheaths) The results of this study 
of nerve regeneration will be published later For our present purpose, the 
observations upon this material concern the process of healing at the suture 
line with reference to restoration of its structural continuity 

The technic employed foi the measurement of tensile strength was essen- 
tially that described previous^ ‘ Increasing inciements of weights were 
applied until rupture of the nen^e took place 
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OBSERVATIONS 

Few monocytes and polymorphonucleai leukocytes appear wntliin the 
plasma cuff as early as 24 to 48 houis aftei neive suture, and an occasional 
fibroblast may be seen at this time The fibroblasts inciease 111 number and a 


'\ B 



C 


Fig 2 — (A) Ncr\e sutured with plasma clot and removed nine days latei Incom- 
plete union of tlie stumps has occurred This is more apparent in (B) and (C) where 
macrophages as well as proliferating cells of the fibroblastic and schwannian types are 
seen Cellular and fibrous continuity is seen m (B) at i, but not at 2 Microphotographs 
taken from sections stained with hematoxylin and eosm, (A) x2o, (B) x200, 
(C) X 200 

normal epineunum is 1 econstructed fiom the plasma sheath m seven to ten 
days Within a period of tw'O to thiee days after suture mild, degenei ative, 
exudative and proliferative changes appear at the junction of the neive stumps 
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Few polymoiphonncleai leukocytes togethei with some monocytes and lipo- 
phages appear at this time These latter cell types may persist for several 
weeks Fibroblasts and Schwann cells proliferate and may frequently be seen 
streaming out into a slight exudate between the nerve stumps Although 
Schwann cells are usually larger and present more oval nuclei than fibroblasts 
the differentiation between these cells may be impossible without the aid of 
special staining technics ® 

As eaily as 3 to 5 days aftei suture, cells may be seen sti earning across the 
sutuie line (Fig iB), but occasionally signs of such cellulai pi oliferation are 



A B 

Fig 3 — (A) Nerve sutured with plasma clot and removed ii dajs later Almost 
complete cellular and fibroblastic continuity has occurred (Laidlaw’s lithium silver car- 
bonate impregnation for connective tissue, x 20 ) 

(B) High power view of nerve seen in (A) Structural continuity of framework of 
nerve is seen on the left but not on the right, where the cellular orientation is less 
satisfactory (Hematoxylin and eosin, x 150 ) 


strikingly absent (Fig lA) Sections taken nine days aftei opeiation have 
shown structuial continuity of schwanman and endoneunal sheaths, although 
not uniformly in all cases (Fig 2) In some neives at this age, structural 
continuity was seen at one portion of the suture line, whereas examination of 
adjacent areas revealed the presence of a coagulum occupied by monocytes 
and lymphocytes This same vaiiation in appearance of the suture line was 
seen in specimens examined ii days (Fig 3), and to a less extent 14 days 
after suture (Figs 4 and 5) In some instances sutuie lines nine, ii and 14 
daj's old proved to be remarkably free from cellular infiltration (Fig 5B) In 
practically all cases of sutures 18 days or particularly thiee or more weeks old, 
complete restoration of stiuctural continuity has occurred (Figs 6 and 7) 
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Tlie giowth of nene fibcis ihiough tlic siituie line may be clemonstiated at 
this age 

At times as a lesult of seepage ol plasma into the neive junction, or 
because of fault) appo'^ilion of nei\e ends, Schwann cells, libi oblasts and con- 
nectne tissue fibeis become oiiented tiansvcisel) to the plane of the nerve 
Altbougb this IS an nndesiiable occniience because of the ensuing disorien- 
tation ot nene fibeis at the suture line, the mtiusion of a few drops of plasma 
at the suluie line has been lound to be compatible with satisfactoiy regen- 
eiation 
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Fi(. 4 — Ncr\c sutured with plasma clot and remo\cd 
14 dajs later Restoration of contnuntj has occurred 
(Hunatowhn and eosin, x 32 ) 


Examination of Table I tends to confirm the histologic observations, in that 
the suture site regained, or even exceeded, the stiength of the intact sciatic 
nerve 19, or more, days after opeiation It is of inteiest that in rabbits Nos 
5 and 12 (17- and 36-day-old neives), m which the strength of the suture 
sites was considerably less than that of the intact neives, the apposition at the 
sutuie sites was poor In tw^o animals (labbits Nos 3 and 4) the strength 
of the sutured nerces (13 days old) closely appioximated that of the intact 
nerves This is in keeping with the histologic ohseivations which in some 
instances (Figs 4 and 5A) show'ed structuial continuity at this time The 
degree of variation in tensile strength values of sutured nerves of a certain 
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age corresponded to the histologic differences observed at the suture site at the 
same age approximately The variations seemed to result from differences in 
the type of apposition obtained at the suture line The nerves appeared to 



B 

Fig 5 — High power views of suture sites 14 days 
old Microphotographs (A) taken from nerve in Figure 
4 shows structural continuity which is not quite complete 
m (B) where macrophages are seen at the suture line 
(Hematoxylin and eosin, x 150 ) 


achieve a greater tensile strength value at a certain time when their ends were 
accurately coapted and well-joined It appeared 'that the general condition of 
the animal too played a role in governing the rate of healing at the suture site 
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Fig 6 — Nenc sutured with plasma clot and removed 
iS da\s later Structural contimntv ha*; been restored 
(HematoxAlm and cosin, \ 27 ) 


Tabi I l 

st^O^\I^G TUn RESULTS OP TENSII E STRENGTH DETERMINATIONS OF DOTH THE INTACT SCIATIC NERVES 
\Nn ALSO NERVES SUTURI D WITH AUTOLOGOUS ELASVLV CLOT IN RABBITS 

Tensile Strength Un Gm ) of 


tabbii 


Sutured Nerve 



Intact Nerve 


Age of 

Sutured Nerve 







No 

Right 

Left 

Average 

Right 

Left 

Average 

(in Days) 

1 

30 

30 

30 

820 

820 

820 

6 

2 

317 

395 

356 

600 

817 

708 

10 

3 

87S 

900 

888 

900 

977 

939 

13 

4 

I 100 

900 

1 000 

800 

1,277 

1,038 

13 

5 

500 

900 

700 

1 177 

1 300 

1 238 

17 


Poor apposition at suture site 





6 

600 

617 

609 

6S1 

600 

626 

19 

7 

1 350 

1,250 

1 300 

I 350 

1 250 

1,300 

21 

8 

800 

827 

814 

827 

850 

838 

24 

9 

1 327 

1 627 

1,477 

1,427 

1 527 

1,477 

24 

10 

1,227 

1,667 

1,447 

1,007 

1,227 

1,117 

28 

11 

1,227 

1,200 

1,214 

1,227 

1,300 

1,264 

28 

12 

800 

600 

700 

1,527 

1,327 

1,427 

36 


Poor apposition at suture site 





13 

Withload of over 1,200 Gm nerve 

1 227 

1,200 

1,214 

48 


broke at point of application of 






clamp rather than at suture site 





14 

VVithIoadofoverI,550Gm nerve 

I 600 

1 550 

I 575 

65 


broke at point of application of 
clamp rather than at suture site 
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Rupture of the nerve following the application of a weight-load which was 
gieatei than it could hold, occurred at the suture line or, in a few instances, 
along the point of application of the clamp At the suture site there was a 
fusiform enlargement amounting to 1-2 mm In those cases where the strength 
of the sutured nerve equaled that of the intact nerve the sti etch occurred to a 
greater extent along the nerve segment than at the suture site The strength of 
the silk tension sutuies removed at diffeient mteivals after opeiation showed 
considerable vaiiation Aftei the age of 13 days they usually bioke with the 
small V eight-load of but a few Gm 



A B 


Fic 7 — Nerve sutured vith plasma clot and removed 30 days later Complete 
lestoration of structural continuity has occurred, including the regrowth of axis cylinders 
thiough the suture line The suture line is free from inflammatory or fibioblastic reac- 
tion (Hematoxylin and eosin, (A) x 21 , (B) x 150 ) All photographs are from sections 
taken from dogs’ sciatic nerves which were sutured with autologous plasma clot 


Discussion — The lesults of tensile stiength deteiminations indicate that 
the labbits’ sciatic nerve of varying sizes sutured with plasma clot achieves 
the tensile strength of the intact nerve wuthin a period of thiee weeks That 
this statement holds also for nerves sutured w'lth silk is rathei suggested by the 
investigations of Miller Our micioscopic observations m dogs indicate that 
this statement applied also to this species since stiuctuial continuity at the 
suture line was found to be complete at approximately this time There is no 
leason to suppose that there might be any appreciable diffeience m the healing 
time of sutured neives in man It seems justifiable then to advocate the 
removal of plaster of pans encasements or other means of limb fixation three 
weeks after nerve suture and the institution of giadual extension of the joint 
at this time These experiments indicate that theie w'ould be no danger of 
rupture of the suture site in w'ell-made unions when a neive is subjected to 
any strain three w'eeks after suturing How^evei there is no doubt that there 
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IS a limit to which a ncnc ina} be sti etched and }et icmain capable of legen- 
eiating with lesiiltant functional lecovciy of the inneivated pait Highet and 
Sandeis*^ perfonned extensne icscctions of the external popliteal ncive of the 
dog suturing the nene with the knee acutely flexed Subsequent extension of 
the limb aftei a peiiod of 14 da}s icsiiltcd in considciable histologic change 
apait fiom luptuie of the sutuie site in some instances The inciease m length 
ot the nene following extension of the joint lesulted fioin elongation of it 
wheieas the stiaightenmg out of the toitiiosit) of the ncnc played onh a 
ininoi pait Rapid sli etching in then annuals did not pioduce any inoic 
damage than a moie gradual sti etching The animal cxpciiments of Denny- 
Biown and DoheiU^*^ demonstiatcd, likewise, that gicat damage to neivcs 
accompanies transient sti etches applied to them Highet and Holmes’' 
lecoided cases 111 which latcial popliteal nenes weie siitiued with knees 
aciiteb flexed The limit of sti etch had appaicntlj been exceeded m these 
patients since no lecoveij followed extension of the limb and inicioscojuc 
examination of the nenes showed that they had been conveited to fibrous 
tissue It is a mattei of common suigical cxpencnce, howe\ei, that nenes 
may be sutured with joints modeiatel}' flexed and good functional icco\eiy 
lesult Howevei, the exact limit of none sti etch that is coinjjatiblc with 
satisfactoi} return of function can not at picsent be staled Information is 
sot eh needed on the results of neivc grafting and neive sti etching which aie 
the onh piesent altcinatnes to neive sutuie with joints acutely flexed Such 
data, together with information on the functional results following closure of 
gaps of rarung sizes In eiid-to-cnd sutuie of nenes with joints flexed at 
different angles and then extended, is necessarj m oidei to enable the suigcon 
to decide which proceduie is likel) to lesult m bettei lCco^cl} The results of 
ner\e giaftmg ha\e thus fai been disappointing, but with the use of the jilasma 
clot technic for forming and siituimg cable autografts'- this method of giaftmg 
may jet prove of lalue 


SUMMAKl 

In a senes of rabluts and dogs the sciatic nenes w'cie cut and siituied 
with plasma clot and the nerves were lemoved at vaiious mteivals aftei 
operation Combined micioscopic obseivations and tensile stiength detei- 
mmations of the sutuied neiwes indicated that the tensile stiength value of 
the intact nen^e is regained approximately thiee wrecks after opeiation and 
structural continuity at the suture line is lestored at this time It is concluded 
that m those cases in which joints must be flexed in oidei to peifoini end-to- 
end suture of nerves and the extiemity encased m plastei, the encasement 
may be removed thiee w^eeks latei without danger of luptuie of the sutuie 
site during the subsequent extension of the limb 
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BRIEF COMMUNICATION 

ENEMA TUBE PERFOBATION OF THE COLON 
Carl Davis, Jr , M D. 

Chicago, III 

PROM THE DEPARTMENT OF SURGERY, PRFSBYTERIAN HOSPITAI , CHICAGO, ILL , 

AND UNIVERSITY OF ILLINOIS (RUSH) 

There are many reports in the literature of perforations of the colon, 
some the result of the use of various types of enema tubes, others from the 
injection of fluids and air, and still others from the mtioduction of foreign 
objects Fortunately, perforation of the colon by an enema tube or catheter, 
used in irrigation of a colostom}^ is exceedingly rare 

Of the three cases reported, two of the patients sustained perfoiations of 
the colon at home In the third case, perforation occurred while the patient 
was still in the hospital The three patients had a terminal colostomy in the 
left lower quadrant of the abdomen subsequent to lemoval of the lectum foi 
carcinoma 

It is common practice to irrigate the colon through a colostomy in the 
postoperative management of combined abdommo-permeal resections In the 
vast majority of cases iriigations are accomplished without accidents, but, 
on rare occasions, undue force may carry the tube through the bowel It has 
been suggested, however, that in some cases where there is a short mesocolon, 
an angulation of the bowel is formed, with the result that it is extremely 
difficult to get the catheter beyond the point of angulation Repeated pressure 
of the enema tube against the angulation may result m pressure necrosis and 
perforation 

The clinical couise is a rapid onset of pain, following the escape of the 
enema into the abdomen, with a rapidly developing peritonitis Two of these 
patients were operated upon the day of perforation because of typical onset 
of symptoms The third patient was not opeiated upon until three weeks fol- 
lowing perforation The enema apparently was placed into a walled-off pocket 
which prevented the escape of colon contents into the general abdominal 
cavity All of the patients lived, and eventually were discharged from the 
hospital 


CASE REPORTS 

Case 1—0 S, male, age 77 This patient had a combined abdommo-permeal 
resection one year previously He reentered the hospital because of abdominal pain of 
SIX hours duration, as the result of an enema administered into the colostomy Examina- 
tion revealed a surgical abdomen Exploration demonstrated a small perforation m the 

medial side of the colon The patient’s postoperative course was uneventful He was 
discharged on the 14th day 

Case 2— C C, male, age 53 Six weeks after a combined abdommo-permeal resec- 
tion the patient was readmitted to the hospital with what seemed to be a generalized 
peritonitis following an enema administered through the colostomy At operation a small 
perforation on the medial side of the sigmoid colon was found Later, a large abscess m 
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ENEMA TUBE PERFORATION OF COLON 

the region of the colostomy was drained Following this secondaiy drainage convalescence 

was uneventful , , , 

Case 3 — F Z, female, married, age 58 Two days aftci a combined abdommo- 

peimeal resection an enema was administered through the colostomy, without any imme- 
diate abdominal distress On the 4th postopei ative day marked abdominal distention 
developed, associated with signs of a localized peritonitis Decompression of the 
abdomen with a Miller-Abbott tube was carried out Three weeks later an abscess was 
drained Prompt recovery followed 

In the postoperative care of colostomies, Di Vernon C David has used 
a technic that avoids the danger of perforation This method suggests the 
use of a catheter which is placed through an inverted rubbei nipple, similar 
to the type used on a baliy’s bottle The nipple, with the catheter, is placed 
111 the colostoni) This provides a watei -tight compartment, so that when the 
enema fluid is injected the bowel lumen becomes distended In this w^ay the 



Fic. 3 — A safe proceduie for irrigation of a colostomy, 
as recommended by Doctor David 


catheter does not readily strike the wall of the intestine, and avoids piessuie 
necrosis and perforation 

The lesson learned in these cases is the recognition of the danger from 
the use of an enema tube or cathetei, wdiether it be in skilled or unskilled 
hands Before a patient is permitted to give himself an enema he should be 
instructed carefully in the method of introducing the catheter into the colon 
The practice of carrying the catheter any distance into the colon should be 
forbidden A simple insertion of the tube into the colostomy should never be 
farther than the depth of the abdominal w^all This procedui e is certainly the 
safest technic 

Many patients may use an enema tube thiough a colostomy for yeais 
without injuiy to the colon However, w^e feel the larity of the complication 
should not peimit laxity on the part of anyone in the management of these 
cases Residents, interns, and muses should be cautioned concerning the 
danger of peifoiation m the postopei ative management of colostomies 

122 S Alichigan Ave , 

Chicago 3, 111 
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BOOK REVIEW 


DlAGNOS^S AND TREATMENT OF MeNSTBUAE DISORDERS AND STERILITY 

By Charles Mazer, M D , and S Leon Israel, M D 570 pages and 107 illustrations 

Paul B Hoeber, Inc, N Y 

Menstrual disorders are among the most distressing conditions from which women 
suffer, and with which the physician must contend When such dysfunction is associated 
with sterility in the married women it is one of the mam causes of marital unhappiness 

To explain the reasons for physiologic dysfunction m the female and the causes which 
lead to sterility. Mazer and Israel succinctly describe in this volume the factors which 
play important roles in the etiology and treatment of menstrual disorders and sterility 
The normal physiologic menstrual functioning of the female depends upon the harmonious 
action of the pituitary, ovary and uterus In order that the clinician and student may more 
readily appreciate the abnormal conditions from which women suffer, these authors appro- 
priately preface their publication with a review of the anatom}-^ and physiology of these 
organs 

A feature of each section is the authors’ advice as to the therapeutic measures which, 
in their hands, have proved valuable They present an evaluation of the medicaments 
usually used m clinical practice based upon their own experience or upon authoritative 
reports 

The section on amenoirhea is thoroughly and painstakingly well done In the treat- 
ment of idiopathic amenorrhea and sterility, irradiation plays an important role and the 
authors substantiate its position as the correct mode of therapy, though they acknowledge, 
as do others, that “the modus opeiandt of low dosage irradiation of the pituitary gland 
and ovaries in restoring their functional activity and the menstrual rhythm is as yet 
obscure ” But that irradiation does produce effective results is amply supported by their 
carefully supervised clinical experience They too, note that irradiation when properly 
applied IS harmless to both the mother and to the children born following such therapy 
They appropriately call attention to the necessary caution, “one must, nevertheless, remem- 
ber that in ovarian irradiation the margin between the harmless and the harmful dose is 
limited, and variation in dosage should for the present be definitely avoided Therefore, 
only the skilled roentgenologist should be entrusted with this treatment" 

Irradiation plays an important part in the treatment of uterine dysfunctions and in 
the treatment of fibroids, although this mode of therapy is not mentioned by the authors 
m the chapter on uterine fibroids 

This reviewer is not in accord with the authors’ opinion regarding the treatment of 
menorrhagia with irradiation In his hands irradiation has proved satis factorj' in most 
instances 

More and more clinicians have come to realize that it is not always the female who 
is to blame for the barren marriage and that it is equally important to examine the hus- 
band for infertility The section on male sterility by Dr Charles W Charny is excellent 
. The appendix, listing in detail the commercial endocrine products available to the 
clinician, and the authors’ evaluation of their worth, is an added aid to the doctor who 
treats menstrual disorders 

The book is well-printed and illustrated , the paper, exceptionally good The authors’ 
style makes pleasurable reading All m all, it is a good book 

Ira I Kaplan, M D 
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MEETING HELD AT HOT SPRINGS, VA 
MARCH 25, 26 and 27, 1947 

ADDRESS OF THE PRESIDENT 

SCIENCE AND HUMANISIrl IN SURGERY* 

Edward D Churchill, M D 

Bostok, Massachusetts 

“I will impart this Art by precept, by lecture, and 
by every mode of teaching ” — Oath of Hippocrates 

In the autumn of A D 9 the German hero Arminius fell upon Quin- 
tilius Varus in the shades of Teutoberger Forest and destroyed three of the 
finest legions of Rome The bold victory forced the Romans to withdraw 
their frontier from the Elbe to the Rhine This event brought down what now 
might be called an iron curtain between the Germans and the Graeco-Roman 
civilization To impl}'’ that this curtain actually led to the development of a 
Germanic culture and science separate from that of the rest of Europe would 
be an error, for during many centuries wars and religious disputes swept across 
the entire continent of Europe, leveling cultural and scientific barriers This 
very error, the concept of a separate Germanic culture, was partly a cause and 
somewhat a symptom of the rapidly moving events of the present century that 
culminated in the total destruction of Germany Nevertheless, American Sur- 
gery as we know it today has developed from the union of two quite different 
streams, and the origins of these may be traced to opposite sides of this ancient 
iron curtain along the Rhine 

The stream from Germany vas a turbulent freshet of Science, beginning 
in the middle of the nineteenth century and reach ing full flood by '1914, now 

Address delivered before the American Surgical Association, March 25 , 1947 Hot 
Springs, Virginia ’ ’ 


381 


EDWARD D CHURCHILL 


Annals of Surcen 
October 1947 


nothing of its source is left but a dried-up watercourse The broad river into 
which it poured had more distant origins in the ancient watershed of Graeco- 
Roman medicine, and reached the American Colonies from England and 
France This was a leisurely moving current, rich in the humanitarian tradi- 
tions of the Christian Church but, like the Church, burdened with dogma and 
superstition Emergent leaders, from time to time, introduced scientific con- 
, cepts of startling novelty and import, but the potential power of a new 
Medicine guided and nourished by Science had not been envisioned 

The junction of the freshet of Science with the broad and ancient river 
produced currents and countercurrents in American Surgery that are still 
visible today Had the content of Surgery been pure Technology, on the one 
hand, or pure Science, on the other, the mingling of the streams would have 
occasioned no disturbance, the contribution of the Germanic freshet would 
have been received quietly into the volume flow of the river To understand 
the troubling of the waters, it is necessary to examine Singer}’’ closely and 
define its content and its function It is also necessary to consider the organi- 
zational patterns through which its content is converted into dynamic function 
First I shall consider w'hat may be called the Content of Surgery 

Surgery is m large part a handicraft wnth elaborate technics that may be 
grouped as Technology But it transcends Technolog}^ in the desire and 
responsibility to find safe application of these technics to the needs of humanity 
This quality, which distinguishes a profession from a trade, may, for lack of a 
better term, be designated as Humanism and identified as one of the basic 
contents of Surgery Historical documentation might be required to convince 
certain purists that Surgery can rightfully identify another of its component 
parts as Science As the argument w'ould require precisely drawm definitions, 
I shall not belabor the issue but boldly stake out a claim and defend it, if 
necessary, at some future time In addition, if one be honest in this analysis, 
he cannot fail to see that Surgery is seeded wnth ad hoc hypotheses, oi, in more 
frank terms, empiricisms and irrational beliefs These four components. Tech- 
nology, Humanism, Science, and Empiricism, form wdiat may be called the 
Content of Surgery This differs from the Content of Internal Medicine only 
in the greater range of surgical Technology 

In common wnth all professions. Surgery expresses itself in Dynamic Func- 
tions These, considered broadly, are thiee in numbei Cure of Disease 
(action), the Strengthening of the Skill to Cure by Progress (growdh),'*' and 
the Perpetuation of the Skill to Cure by Teaching (reproduction) 

The Content of Surgery is transformed into the Dynamic Functions of 
Surgery by means of various Organizational Patterns These patterns, at least 
m recent times, have been various combinations of the Hospital, the Univer- 
sity, and the State — including in the State, agencies within the framework of 

I have deliberately avoided use of the term “research ” Progress in surgery may 
result from a wide range of effort that extends from the employment of common sense 
and logical thinking to the use of the well-controlled experiment designed to ansiver a 
precisely formulated question 
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government and agencies designed to administer social forces independent of 
government 

Having dissected Surgery in this arbitrary manner m an attempt to bring 
some clarity of thinking to the subject, I shall turn to the historical approach, 
and choose examples chiefly from Teaching Major trends in surgery that 
alter the relative emphasis placed upon those abstractions that I have called its 
Content are foreshadowed by changes in Teaching The reason is obvious, 
because only an oncoming generation has sufficient eight to shift the 
emphasis to a significant degree, furthermore, the teachers of any profession 
are likely to be sensitive to an approaching change and, being articulate, 
herald its approach The pursuit of this cockcrow responsibility by teachers 
always has annoyed the profession at large But medical education will remain 
a controvei sial subject just so long as Medicine itself is open to change 

In selecting examples from the history of Teaching, I have chosen ones 
that will record the advent of Science and also certain ones to reveal the 
content of Humanism that resides in Surgery The controversies, as usual, 
have not dealt \vith basic problems, but have centered on organizational pat- 
terns, particularly those formed by University and Hospital These patterns 
are unimportant m themselves , the} achieve significance only as they succeed 
or fail to transmit with fidelity the total Content of Surgery The University 
IS selective in its response to the wave lengths of Science, the Hospital is 
selective in the expression of Humanism In view of an ever-changing Con- 
tent, it IS not surprising that a perfect instrument as yet has not been achieved 

The Germanic influence in American medical education W'-as not apparent 
until the rise of scientific medicine m Germany in the middle of the 19th 
century, and so a background must be sought in the situation in Britain during 
the 17th and 18th centuries 

Only a beginning was made in 17th century Britain to displace the 
entrenched classicist methods in medical education ^ The traditions of Oxford 
and Cambridge were essentially conservative Medical studies at Cambridge 
were governed by the Elizabethan statutes of 1570 The Caroline Code of 
statutes w as instituted at Oxford in 1636 and strictly regulated medical studies 
at that University Oxford w'as permitted to grant a surgeon a license to 
practice throughout England after he had shown “skill, honesty and repute in 
that art” foi seven }ears “He must have performed two anatomies, made at 
least three cures and been approved by three doctors of the University, or by 
the Regius Professor and one other doctor Upon graduation he promised to 
cure four paupers gratuitously and not to overstep the bounds of his own art 
by attempting to practice medicine Furthermore, he gave his word that he 
w'ould ‘not ask too much salary, or delay any cure wnth the view of later 
gam ’ ”2 Tj^g gj^-Qj.^5 q£ ^j^g universities m medical education were not looked 
upon with favoi by the great practitioners of that day, who taught the art by 
the apprentice sjstem “Physick,” sajs Sydenham, “is not to bee learned by 
going to universities, but hee is for taking apprentices, and says one had as 
good send a man to Oxford to learn shoemakmg as practicing physick “A 
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Doctor bred up in the Contemplative Philosophy of the Schools, may be a 
Scholar and a very fine Gentleman , but what is that to the curing of a Disease, 
or the rousing of a Heart-sick Man from his bed of Languishment 

Compared to that of the universities, the situation with respect to hospitals 
was even worse The action of Henry VHI that swept away the medieval 
hospital system of England in the name of the Reformation has been inter- 
preted as an effort to abolish the extravagances of the ecclesiastics Whatever 
the motive, this harsh decree was followed by a period of misery and con- 
fusion that lasted nearly two centuries Then a new philanthropy was born 
that was destined to express itself through a practical and concrete charity 
and bring a new concept of the hospital to the world Whether or no the 
panic of the Great Plague was immediately responsible, there came a “revival 
of charity with all the old touch of romance which characterized it m the 
Middle Ages 

The Crown first tried its hand m the new philanthropy, but its benevolence 
was inadequate and the administrative contiol measures it established proved 
harassing Then in the i8th century came the magnificent rise of the voluntary 
general hospital that formed the pattern for the first hospitals of our new world 
The first organization of medical teaching in this country took place in 
Philadelphia in 1765 John Morgan (1735-89) had been recommended by 
John Fothergill, a physician of London, as being qualified to teach Morgan, 
a graduate of Edinburgh in 1762, had worked under William Hunter and the 
Munros In a letter to John Warren in 1785, Morgan showed an awareness 
of the significance of the medical sciences, that were then but weak, ancillary 
forces in education “Medicine,” he stated, “is a science as important m its 
object as it is difficult m the acquisition It is very extensive m its researches, 
and presupposes the knowledge of many other sciences The cultivation of it 
requires no small abilities, and demands of those who engage in the arduous 
pursuit an enlarged and benevolent mind ” 

But there were too many pressing problems in the days of the Revolution to 
give time to the cultivation of the science of medicine Morgan himself, in 1775, 
was appointed “Director General and Physician in Chief” of the American 
Army Packard, in describing the Army medical service of those days, writes 
“The surgeons were without any definite authority, absolutely destitute of any 
medical or surgical supplies, except those provided by private means, and in 
many cases as ignorant and ill-educated men as could well have been found ” 
According to Garrison, Morgan “entered upon his duties with vigor, insisting 
upon rigorous examinations for medical officers and subordinating the regi- 
mental surgeons to the hospital chiefs ” But the politicians, both professional 
and lay, soon had his head and he was dismissed by Congress in 1777 

The early medical schools merely supplemented the training given by the 
apprenticeship method The courses of lectures were only nominally under 
university control, and although dignity was sought through the sanction of a 
university, they existed wholly for the interests of the professors “Students 
in small classes of two or three lived in families of surgeons, studied methods, 
followed their cases, compounded their drugs, did their chores and received a 
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certain amount of personal instruction The pace of learning was slow and 
the ultimate attainment not great, even though eventually the apprentice might 
absorb all that the instructor had to offer 

During the last century many of the developments m this country were 
shaped by the rapid expansion of population in a tremendous geographic 
territory As a result of the demand for doctors, the inevitable happened 
“Loose and shifting bands of practising physicians, calling themselves a fac- 
ulty, tried to impart, chiefly by lectures, to heterogeneous, uneducated groups 
of students the empirical knowledge — sound and unsound — which they them- 
selves possessed First and last, American towns have produced over 4CXD 
such medical schools The teaching of medicine on these terms was, directly, 
111 cash, and indirectly, in prestige, a profitable business Proprietary medical 
schools have been defined by Zmnser as “privately founded corpoiations of 
groups of physicians and surgeons who organize courses without a well- 
conceived educational plan ” 

Henry Jacob Bigelow w'as appointed Professor of Surgeiy in 1849 He 
had studied long m Pans and had journeyed w^eekly to London to hear Paget 
In accordance with his time, he deemed the didactic lecture paramount The 
operating room w^as the theater in which he excited the astonishment and 
admiration of his students Bigelow^ has been introduced at this point as a 
concession to chronolog}’- I will leave him busy wuth his didactic lectures — 
unaw^are of the floodw^aters that were arising in Germany, destined to descend 
on the w^ell-regulated little wmrld of surgery that w^as so firmly under his 
control 

The stoity begins m Germany during the last years of the i8th and the 
first decades of the 19th century, when German philosophers — particularly 
Kant (1724-1804) and Schopenhauer (1788-1860) — provided a powerful 
impulse to science in the universities of that country “That w^as a most 
lesplendent epoch, but so little was it a function of a certain people or race 
that it passed, it passed like the Hellas of Pericles, the Italy of the Renais- 
sance, the France of Louis XIV human history makes efforts like these, in 
wffich a flow^enng of men of genius comes to the world, only at intervals of 
centuries 01 millennia Philosophical thought was already declining by 1830, 
but the united and imperial state fosteied a period of industry and achievement 
in Gennan universities that flow-^ered in lesearch in the natural and medical 
sciences The w^ealth and importance of Germany’s intellectual and technical 
achievements made it a country to which our students turned as the fountain- 
head and guide of medical science This was, in all, a brief period, 1850-1914, 
but Its impact on medicine and medical education has been enormous To trace 
the effect on American medicine, I shall sketch the career of one of the first 
American students to entei Vienna, Dr James C White 

In 1853, four lears after Bigelow became Professor of Surgery, J C 
White, of Belfast, Maine, started his course in medical studies To complete 
the backgiound it is necessaiy to hear his own story about the medical studies 
in Boston that prepared him foi his work abroad® 

"Coming from the preparatory fitting of the public school or academy, or 
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from college, the medical student of those early days had but small choice of 
medical schools from which he might receive his professional degree 
This might be acquired, by entering his name with some physician and pur- 
chasing professor’s tickets at two winter courses of lectures, m two years’ 
time, after a final and farcical examination These were the minimum require- 
ments to turn a rough countiy boy into a doctor authoiized to practice medi- 
cine in those days There was no obligation to attend a single exercise during 
the medical school course of lectures lasting three or four months, or to 
receive any manner of instiuction from his nominal instructor during the 
remainder of the year 

“What did Harvard University offer the student of medicine at that time? 
Its Medical School consisted of seven professors They had entire control 

of the affairs of the school They sold their individual tickets of admission to 
their respective courses through a business agent, and every candidate for a 
degree was obliged to buy them all for at least one year The purchase of a 
similar set of tickets in any other reputable medical school was accepted as 
the equivalent of a second course of lectures at Harvard The exhibition of a 
certificate of having entered one’s name three years previously with some prac- 
titioner, the preparation of a thesis on some subject in medicine, and answer- 
ing the simple questions put by each professor in turn foi seven minutes each, 
equal to a total of one and a half hours, constituted the only and final method 
of examination as to the fitness of a candidate for a degree If he received the 
favorable votes of a majority of the board — four — he became a Doctor of Med- 
icine, and that degree carried with it authority to practice in Massachusetts 
The lectures began at eight in the morning and continued until one o’clock, 
five consecutive hours on some days of listening for the conscientious student 
without interruption save for the five minutes’ intermission between them 
They were repeated without change each )'ear Twice a week there was a 
clinical medical visit at the Massachusetts General Hospital of one houi , which 
the whole class of 127 students attended filling the ward — of whom but 31 
held a college degree On Saturdays there was a similar visit in the surgical 
wards, followed by operations in the amphitheatre under the dome for an 
hour or two There was no graduation of studies, the nhole body of 

students attending each lecture from first to last together There were no 
laboratories, no private courses no individual instruction — no student looked 
into a microscope or handled a test-tube ” 

Ha\ing completed his medical course m the spring of 1856, young White 
was obliged, if he desired a more adequate education, to seek it abroad His 
decision to go to V lenna was an important event , how he came to make it is 
of interest 

Pans had long enjo3^ed the reputation of holding the highest rank as a 
school of medicine, both m her renowned teachers and the clinical advantages 
she possessed But a change ivas beginning Gradually the philosophic 
German mind, so skeptical and irreverent as to accept no dogma unchallenged, 
and so patient and industrious m following the suggestions of nature to their 
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source, began to make itself felt This influence soon became an acknowledged 
power as the careful observation of devoted students — men who cared for 
nothing else m life than their studies, who had no higher ambition than their 
scientific reputation, A\ho knew no other pleasure than was to be found in the 
laboratory or hospital, and who never aspired to become rich — became 
known 

“Dr Calvin Ellis, just returned from Europe had spent a few weeks 
m Vienna and advised me,” writes White, “to make it my first and 
chief place of stud} At that time few American or English medical stu- 

dents visited Vienna I was the first of the former, I believe, to spend a full 
year there, and there were but four oi five others during my residence there, 
for the fame of its incompaiable teachers had scarcely spread to America 
or England ” So in August, 1856, White embarked in the City of Washing- 
ton, a ship-rigged, side- v heel steamei, lunning between New York and 
Bremen, and after 14 days arrived at the latter city 

As I am concerned only with the bioader aspects of changes in medical 
education, it is beyond my purpose to record the detailed history of the reforms 
of the last half of the last century Adequate illustration is affoided by follow- 
ing Doctor White after his return from Vienna In 1866 editorials from his 
pen appeared in the Boston Medical and Surgical Journal These were 
regarded as rank heresy by his colleagues, and he was advised to restrain 
his zeal 

“Not until the piofession throughout the country,” he wrote, “shall awake 
to the deplorable deficiencies of our present system and shall insist upon the 
establishment of some uniform standard can medicine in America raise 
Itself to a level with that of foreign countries, 01 even with othei branches of 
learning at home 

“Very little can be accomplished in this direction by any one school, how- 
evei desirous its government may be of reform , for any unusual severity in its 
examinations or length of study required would turn its students to other and 
easiei places and piove its own ruin How far, for instance, would the cause 
of medical education be advanced if Harvard University should refuse a 
degiee until after four years’ study while the Medical Department of 
Yale College continues to confer the same right to practise at the end 
of two yeais only, and issues a circular containing such a statement as this 
‘Expel lence has shoun that a laige pioportion of the whole field of medical 
investigation, embracing most of the important topics, can be comprised in a 
single course of lectuies, by avoiding that extreme variety of subjects and 
minuteness of detail which are so apt to confuse and oppress the mmd of the 
learnei, and lendei the knowledge acquired superficial and vague, rather than 
deal , definite, and u ell fixed When an institution of this rank so lowers the 
tone of scientific study, what can we expect of the great number of private 
schools all over the country licensed to make doctors by State Legislatures 

In 1870 Doctor White then a distinguislied membei of the Harvard 
facult} delivered the Introductoi} Address at the opening of the winter course 
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of lectures “President Eliot, who had recently been appointed to that high 
office, to whom I read my address in advance, said he would take measures 
that I should have a good audience, and so at noon on November 2, I found 
the large lecture-room of the Medical College filled with the students and 
many members of the governing bodies of the University The invited guests 
assembled in the Warren Museum above, and theie Professor H J Bigelow 
said to me ‘Well, White, now we are about to catch it, I suppose 

The address itself will bear leading and rereading today, and time allows 
but limited direct quotation 

“To those who have received no advice upon these inatteis I would 
say, devote the largest part of youi time to anatomy, physiology and chemistry 
These branches aie the groundwork of the ait of medicine, and it is in 
these that students generally fail 111 thoioughness, and therefore as physicians 
fail to know their art through life 

“By such beginnings you will gam the taste and courage for that inde- 
pendent work in later years which will distinguish you from the ordinary 
practitioner I do not mean to say that you should take absolutely no share 
in any of the other exeicises of the school, that you should not attend oper- 
ations and occasionally visit the hospital, and see an autopsy, and perhaps 
study surgery and materia medica , but the less of these and the more of the 
others the better A single year’s attendance upon the advanced branches after 
such a preliminary training will give you a far deeper knowledge of them than 
one gets by a three yeais’ course pursued without system or given wholly to 
the so-called practical or special branches ” 

“There is no such contemptible spirit among students as preferred 
attention to such parts of their studies as seem to have a piactical value It 
exhibits Itself in attendance upon the lectures 1 elating to the piactice of medi- 
cine in the production of the note-book only when the word ‘treatment’ 
IS mentioned and in the neglect of all that raises medicine to the rank of 
a science and its followeis to be learned men It degrades the art to the level 
of a mere trade ’’ 

“ nine-tenths of all that is new and important m physiology, pathology, 
and medical chemistry, is the work of Geiman hands and brains, and is given 
to the woild in their tongue ” 

“So long as it is held that theie is a demand for cheap doctois in this 
country so long we shall make poorly educated doctors and nothing 
else 

“Until we renounce the theory that medicine m America is to be taught, 
not as a science as elsewhere, that only so much of it is to be served up to the 
student as will make him a good practising doctor, and that he has no share 
in its future progress as an independent worker m its deep places, we need 
not hope for better things 

“We do not sufficiently honor our own calling We labor mainly to acquire 
position and comforts, but how few of us are really students and care more 
for the advancement of science than for our own ‘gettmg-on’ in the world 
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How seldom has an American physician made independent and systematic 
investigation in any of the sciences connected with medicine 

White describes in his memoirs the effects of his attack on contemporary 
medical education “This address was followed by the most lively agitation in 
the faculty Finally the scheme of the reformers was adopted 
(1871) By this hard-fought victory the school made a nine months’ 

course compulsory, adopted a graded curriculum extending over three years, 
and obliged candidates to pass a written and thorough examination in every 
one of the great departments of medicine ” Surgeons today will forgive him 
for a final shot directed at the venerable Henry J Bigelow “My own examina- 
tion m surgery at graduation was the question, 'Well, White, what would you 
do for a wart^’ ” 

But Bigelow was not silenced, and rose in defense of the educational policies 
of the old school at the Massachusetts Medical Society 

“It IS plain,” he said, “that the mass of work must be performed by the 
practitioner, who has been educated wnth the view of turning his acquirements 
to immediate practical account, and whose business so occupies him that he 
contributes comparatively little to the absolute advance of knowledge 
You are to provide 50 such plain and competent men for one w^ho knows more ” 
“These remarks are not intended as a plea for mediocrity It should be 
remembered that our present system of medical education, imperfect as it may 
be, produces men eminent m science, and furnishes able teachers as well as 
distinguished practitioners Most eminent men are in a large degree self-made, 
and have pursued their subject from the attraction before them, and not from 
a stimulus behind The material out of wFicli philosophers are made is 
largely supplied from their owm intrinsic and determined will Genius is 
talent with a strong driving powder You cannot create this talent 
You may, indeed, give it opportunity, but you cannot force it ” 

“Whatever else it may or may not do, a medical school should aim first, 
then, to give a plain, sound, solid education, without error, if without 
ornament ” 

Although Bigelow w^as outvoted in the University, there was a redoubt to 
winch he could retreat — the voluntary hospital, in winch his word m surgery 
was supreme Universities were quite remote fiom the voluntary hospitals of 
1870 and, m fact, to this day must tiead wnth caution wnthin their portals 
The Voluntary Hospital,’’' as an institution, has fully as ancient a lineage as 
the University, for the germ of the hospital system existed long before the 
Christian era The Greek and Roman temples resembled “clinics” more than 
“churches,” and their priests were w^ell versed in medicines The history of the 
hospital mo\ement is a long and romantic story , but “undoubtedly the greatest 
event in the history of the hospital movement thioughout the w^orld was the 
coming of Christ at the very moment that the Roman Empire had united all 


There ha^e been in this country many integrations or actual mergers between vol 
untary hospitals and universities, and in some instances between voluntary hospitals and 
go^ernment, either state or municipal Also, many large municipal and state hosnitals 
ha\ e developed alter the pattern of \ oluntarj' hospitals ^ 
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the ^^^estern nations into one vast civilization W ith Christ came the con- 

cept of Charity 

This great motivating force, the desire to relieve suffering on its own merits 
and for its own sake, became the soul of institutions destined to evolve into 
the voluntaiy hospitals of the Western World — at the moment the iron curtain 
was descending along the Rhine Professional historians must assume respon- 
sibility for tiacing the evolution of these institutions through the devious path- 
ways of the Middle Ages, the Renaissance, and the Holy Roman Empire The 
fact remains that at the opening of the 19th century, medicine and medical 
education in Germany were found within the Univeisity and incorporated into 
the framework of the State Medicine and medical science thus received a 
direct stimulus from university philosophic thought, and aided by the financial 
support of the State, entered its pioductive period of scientific advance 

In England and m America there had been no recognition of a duty of the 
nation to the sick, “except in so far as they become a dangei to the community, 
like the ancient lepers” The caie of the patient was centered m voluntary 
hospitals, separate from universities and outside the fiamewoik of the state 
English hospitals had established then own schools of medicine, a development 
copied in this country but to a limited extent 

The sincerity and idealism of the Voluntaiy Hospital cannot be written 
oft as self-interest and bigotry, as some have tried to do * In 1886 Henry J 
Bigelow was again voicing his wrath, but at this time against a force that was 
striking at the soul of his voluntaiy hospital In an open letter^^ he warned 
the Trustees of the Massachusetts General Hospital that “some members of 
the Staff have a desire to use the institution to then professional emolument 
In my opinion any such changes, howevei plausibly introduced, will inaugurate 
for the Hospital an era of decline Its Trustees should weigh carefully 

any measure which would tend to confuse the administration of a great public 
charity with the promotion of private interests ” 

Charity in the literal sense and in the form of alms dispensed b)' Lady 
Bountiful may disappear from the American scene, but the medical profession 
would do well to treasure such vestiges of it as remain Charity m the material 
sense is symbolic of Charity in the broad spiritual sense — the desiie to relieve 
suffeimg for its own sake This is the compelling foice of Humanism, that I 
have placed with Science and Technology in the basic content of Surgery 
Chanty in this larger sense is the most piecious possession of Medicine As 
motivation foi the physician it has been closely entwined with teaching and 
reseaich It is expressed in his basic lules of ethics and determines the privi- 
leges and trusted position of the physician in the social order The foundations 
of the Voluntary Hospital rest upon this gieat concept of Charity, it is found 
in the blood and sinews of these institutions today It is without exact coun- 

* “Conservatism, vested interests, absence of true university ideals, lack of resources, 
lack of leadership and excessive dependence on tedious committee procedure” “Staffs, 
huge, unorganized, unpaid, unassisted, had been put m charge, appointments went -vari- 
ously — by political pull, by personal favor, occasionally even by merit 
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terpart in the traditions of the University , it is far too intangible to be codified 
by the State 

I have tried to show that up to 1870 medicine and surgery in the Graeco- 
Roman-Franco-British- American stream were pursuing a steady but slow 
evolutionary trend “There was no sharp line between the practising and the 
teaching profession The practitioner taught — and, if he pleased, investi- 
gated ” From this stieam even then was emerging Lister and, before him, 
Claude Bernard, Louis, Bright, Laennec, Charles Bell, Jenner, the Hunters, 
Sydenham, and William Harvey Flexner, in referring to leaders of this type, 
states that “their situation and environment instead of helping, progressively 
impeded them ” It would be of more interest to learn what happy combination 
of circumstances led to their appearance * By 1870 floods of specialized knowl- 
edge and technics were bursting forth from German and Austrian universities 
The proposal of the youthful President Eliot to change medical education was 
supported by the members of his faculty who sensed the situation Although 
the position of the prechnical departments of the Medical School was strength- 
ened and the curriculum graded and extended, what might have been a major 
effect upon medical education was attenuated by the fact that clinical teaching 
was centered in voluntary and municipal hospitals, outside direct university 
control No thought whatsoever was given to the postgraduate peiiod of 
surgical education , that remained unorganized at the apprentice and private 
assistant level 

The story of the opening of the Johns Hopkins Medical School (1893) 
IS known to all students of medicine But here I shall narrow the focus 
to surgical education at the postgraduate level In designing the surgical 
clinic at the Hopkins, Halsted duplicated in so far as possible the pat- 
tern of the German clinics “It was our intention,” he stated, “originally 
to adopt as closelj as feasible the German plan, which, in the mam, 
IS the same for all the principal clinics of the German universities The house 
surgeon, 01 first assistant, as he is called in Germany, is selected, after several 
years of service, from a number of w^ell-tried assistants There is no regular 
advancement from the bottom to the top of the staff of resident assistants Only 
a small proportion of these venture to entertain the hope of becoming first 
assistant Occasionally an assistant from another clinic may immediately, or 
almost at once after transfer, succeed to this position over the heads of those 
who have served many years This admirable system, w'hich undoubtedly has 

* In his President’s Address, American Society for Clinical Investigation, May 2, 
1927,1^ Eugene DuBois gave a critical and pessimistic account of the situation and en- 
vironment that had been established in this country, as of that date, supposedly to nur- 
ture scholars of this stature He posed the question of how a young Harvey or Laennec 
might fare in twentieth-centurv university medicine In answer to his own question, 
DuBois decided that these gentlemen “after a good look at the present conditions 
would realize that thev would be happier m their own small, inefficient but comfortable 
centuries Harvev would beg to be returned to the England of James the First, Laennec 
to the France of Louis the Eighteeenth ” ’ 
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Its disadvantages, is possible only in a country where like conditions prevail 
and a close affiliation exists between the universities or where some great in- 
ducement exists for the making of assistants of the highest possible order 
The professor of surgery, or the surgical chief, desires to secure as his first 
assistant or chief of staff, a man of great promise, not only because of the 
obvious immediate advantage to the clinic, but because such an assistant is 
likely to have tendered him, ultimately, the chair of surgery in some smaller 
university It is a matter of great satisfaction and pride to a professor of 
surgery to have supplied from his staff one or more university chairs 

The new experiment at the Hopkins was eminently successful Halsted 
himself was a thoughtful and productive scholar There was gold to be 
extracted from the medical sciences that fringed on surgery, and their technics 
of anatomic dissection, histopathology, and taxonomic bacteriology were read- 
ily acquired Surgical Technology was being developed and modified at a rapid 
pace in full exploitation of the discovery of antisepsis by Lister Halsted’s 
hope that his able pupils would be called to chairs of surgery elsewhere in 
the country was fulfilled 

With an energy and enthusiasm typical of America, the experiment, started 
on a modest scale in Baltimore, was soon repeated throughout the country 
New university clinics were created on the strict organizational pattern de- 
scribed by Flexner ’ The blueprints were drawn m detail and the specifications 
written with precision Nothing was left to a “gentlemen’s agreement ” The 
full-time system in clinical surgery was to “abridge the evolutionary piocess 
by setting up summarily the conditions necessaiy to scientific development on 
the clinical side ” 

There can be no doubt that the remodeling of American surgery was badly 
needed , there is no doubt that it came at a critical time It helped close the 
gap between the discoveries of the laboratories of medical science and the 
clinics, as it was designed to do, it came at a time when the elaboration of 
surgical technics had opened the field for a gold rush in the pursuit of surgery 
as a trade Successful practitioners scrambling foi the prestige of a professor- 
ship all too frequently were preoccupied with large piactices and with tastes 
similar to those of their friends and patients — the “robbei barons” of commerce 
and industry The public charity of the days of Henry J Bigelow came to be 
leferred to as “exploitation of the profession ” 

But the assumptions and conditions underlying the introduction of the 
full-time system as an attempt to quicken evolutional y processes, must clearly 
be recognized The rapid expansion of the university hospital system called 
for a considerable number of physicians and surgeons to fill important posts 
Flexner mentions this problem “Will medicine,” he asks, “enlist in its service 
as devoted, enthusiastic, and self-forgetful workers as have been absolutely 
essential to the development of other sciences^ Or will physicians and sur- 
geons crave conditions that the university cannot create or maintain^” 

What kind of men were these German professors that it was sought to 
emulate? J C White described them He tells us that “in Germany the 
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celebrated physician first makes for himself a name of incessant toil and self- 
sacrifice He cares neither for society, for appearances, for comfort, only for 
science ” Even more vivid is his description of an individual ‘Oppolzer 
comes in punctually I cannot give my first impression of him It was, per- 
haps, that his pictures belie him, that he had made a very hasty toillete, had 
forgotten his collar, and had not made the same use of the Danube as we do 
of the Cochituate We may pardon the want of neatness, when we con- 
sider the low rank m social life to which scientific men of Austria are 
condemned ” 

That the organizational pattern be considered all-important is a familiar 
American tendency Here even Flexner had reservations “A full-time 
organization will not transform a sterile clinician into a proper university 
professor it will not produce ability and enthusiasm where they do not 
exist , it will not make the sterile clinician fertile ” There is evidence that 
Halsted fell into this trap “Why,” he asks, “was Germany the country first 
to adopt antiseptic surgery ^ Why did almost every surgeon in every German 
university eagerly embrace Lister’s system almost at the same moment^ 

The answers to these questions are, I believe, to be sought mainly in the char- 
acter of the scientific training of surgeons in Germany ” Therefore he 
set up an identical training schedule Wouldn’t it have been more pertinent 
to have asked Why did Mr Lister, FRCS, Eng and Edm , who commenced 
a course of Lectures on the Principles and Practise of Surgery on November 
7, 1855, 3.nd helped Mr Syme in his consulting rooms on Rutland Street — 
why did this Mr Lister discover antiseptic surgery ^ 

It may be noted also that the oiganizational pattern chosen for transplan- 
tation had already started to deteriorate Flexner admits that “m Germany 
during the last 30 years, despite the firm academic anchorage on which I have 
dwelt, the successful professor of the clinical subjects has time and again 
drifted away from his clinic and his laboratory In recent years many univer- 
sity professors have established private clinics, managed as business enter- 
prises Thus the professional preoccupations of clinicians make sad havoc 
with professorial duties ” This has a strangely familiar sound today 

In 1947 we have a largei perspective of the structure of German medicine 
than was given to those who so enthusiastically brought its pattern home to 
our shores The last twenty years have shown how fragile was its bloom and 
how shallow were its roots German medicine went down with the state 
through degradation to destruction It has been profoundly disturbing to think 
that the medical profession, as individuals, shares the responsibility and to 
learn that in some instances individuals actually participated in the conspir- 
acy Medicine was powerless to act in behalf of the humanity it should have 
been senung or to raise its voice to check the downward trend The same was 
true of the Universities In the shameful history of the Nazi conspiracy there 
was no happening more tragic than the failure of the Universities and of 
University Medicine to utter a word of protest Was it solely because of their 
position within the framework of the state’ Or had Medicine, neither pure 
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Science on the one hand, nor pure Humanism on the other, made itself vulner- 
able in Germany by neglecting Humanism in the pursuit of Science^ Science 
IS but one of the four components in the Content of Medicine 

There are, of course, many secondary forces in this troubled stream of 
Surgery that have created their own whirlpools and eddies These may be 
external, shaped by the social order, or internal, derived from Surgery itself 
An example of the former is the complex structure of medical economics 
within which surgery is regarded as a trade I have shown how the trade 
interest of surgery appears and reappears m relation to teaching, research, and 
the care of the patient It has been encountered in the Hospital and in the 
University It is a dominant factoi m problems now vital to the State, such 
as the maldistribution of specialists and the spiraling cost of illness 

The trade interest of surgery now has relatively little influence on under- 
graduate medical education, for this is sheltered undei the wing of the Uni- 
versity It IS definitely shaping graduate education, so important m the train- 
ing of the surgeon The spread of “Halsted’s resident system,” established to 
further science and education in surgery, has found great impetus in the need 
of present-day hospitals and clinics for many young and willing pairs of hands 
Exploitation of these hands by neglect of the minds and ideals that must be 
developed to guide them will repeat the evils of the undergraduate proprietary 
schools of the last century, when “the teaching of medicine was, directly, in 
cash, and indirectly, in prestige, a profitable business ” 

With better basic education, it should be found possible to shorten, rather 
than necessary to lengthen, special technical training * The dangerous gospels 
of force and uniformity are oeing spread in this critical ai ea of adult education 
in support of organizational patterns originally conceived as aids to science 
and teaching, but developed in many instances as “training without a well- 
conceived educational plan ” The time may not be distant when government 
will wish to take a hand and freeze m compulsory law the structures of grad- 
uate training that are being erected It would be unfortunate were this to 
happen before these structures have been tested by further experience In fact, 
this period of adult education is far better left entirely outside the law But it 
would be well to remember that the interval between the reform in under- 
graduate education and the incorporation of the reform into law^ by the state 
was brief It is but a short step from dictatorial certifying boards within the 
profession to proscribing boards wnthin the law' 

An example of a secondary force arising from within surgery is the frag- 
mentation that has resulted from specialization The origin of a specialty is 
usually traceable to a concentration of effort inspired by a desire to extend 
the scope of surgery by progress Too often, however, a specialty has been 
perpetuated as a watertight compartment with emphasis on the mystic rites of 
technology and neglect of further progress, and ultimately there appears an 
unmistakable intrusion of the interests of the trade 

* Wartime experience has shown in many fields that it is possible to tram men faster 
than had been supposed 
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This brief foray into medical history has shoNMi the need for new soundings 
in the onrushing stream of Surgery On the one hand, it is time to face facts 
and agree that increased emphasis upon Science has lesulted m progress that 
has guided Surgery out of medievalism and established the benefit of its skills 
as one of the rights of humanity No longer could a Henry VIII or any other 
ruler close the hospitals of a great nation It is also evident that the ‘reforms’ 
of the last 70 years came at a critical time when the self-interest of surgery 
as a trade, armed by a great expansion of Technology, might have been a leal 
threat to the functions of teaching and progress 

On the other hand, the opposition to the reforms that ueie intioduced 
brought forth criticisms that were not entirely expressions of unenlightened 
self-interest, despite the fact that many local episodes of bitterness and conflict 
are traceable to encroachment on the monopoly interests of trade There was 
something deeper — an inarticulate and sincere concern lest the dazzling light 
emanating from Science eclipse that other content of Surgery I have called 
Humanism The humblest member of the profession is vested with the right 
and the duty to enter his protest against such a threat, for the obligation ^^rlt- 
ten into the Hippocratic Oath makes every practitioner of the Art share 
lesponsibility for Teaching “I wall impart this Art by precept, by lecture, 
and by every mode of teaching ” This is an obligation unique to our profes- 
sion ^ While teaching in the literal sense may be delegated to a limited group, 
responsibility for the pieservation of balance in the Content of Medicine rests 
on the profession as a w'hole, and not on some chosen segment that might veer 
like a weathercock ivith eveiy change of wind or on some other occasion 
remain fixed long after the pi evading wand has changed 

Surgeons ai e men of practical affairs and tend to be self-conscious about a 
direct expression of the ideals upon wdiich their profession rests But what I 
have said has been said many times before It is found in the waitings that 
inspired and guided the growdh of the V oluntary Hospital It is found in the 
essence of w^hat is called Western Civilization It w'as set down long ago in 
very simple wmids “And though I have the gift of prophecy and understand 
all mysteries, and all knowdedge , and though I have all faith, so that I could 
remove mountains, and have not charity, I am nothing ” 

This, I believe, is the real w^aining Medicine gave to those enraptured by 
Geiman Science Medicine is too dose to the needs of humanity, and is 
too loyal a fiiend of mankind in times of fear and trouble, to cast aside 
abruptly Its heiitage of Christian ethics for wdiat has been called the “moral 
irresponsibility’ of Science The futuie of Medicine and very possibly the 
future of Science itself wall be determined by the wisdom and kindliness with 
whicli the gieat gifts of Science are assimilated and made available to 
human needs “I do not knowq” writes George Sarton, “who is the poorer 

^Truh great teachers of mankind haie expressed little concern about ivho should 
cany forward their precepts Just as Hippocrates spread the responsibility for teaching 
to all of his disciples, so did Ciirist Later the successions of Professors and Popes ap- 
peared with delegated responsibilities for the perpetuation of organized experience (and 
dogma) 
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the old humanist without understanding of science, or the scientist without 
reverence I do not know which is worse idealism without knowledge, or 
knowledge without idealism We need both equally in order to go forward 
and prepare the dawn of a new age , 

There can be little doubt that Surgery is facing further change m the 
relative emphasis placed on the component parts of its content Science will 
increase, and scientifically based Technology will slowly replace Empiricism 
There are certain to be changes in the organizational patterns formed by Hos- 
pital, University, and State These changes may be brought about by explo- 
sive forces m the restless external social order, or anticipated by a sensitive 
government Change is to be feared only if those responsible for the preser- 
vation of essential values falter in their task In fact, change is welcomed in 
so far as it may strengthen the profession to meet the new challenges that 
confront our civilization 

In times of change there is need for wisdom both in the external social 
order and within the profession Spokesmen who loudly proclaim measures 
based on self-interest will not be tolerated A hold-fast in Science is essential, 
but this represents only a part of the strength of Surgery By maintaining the 
ancient bond with humanity itself through Chanty — the desire to relieve 
suffering for its own sake — Surgery need not fear change if civilization itself 
survives 
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GASTRO-ESOPHAGEAL RESECTION AND TOTAL GASTRECTOMY 
IN THE TREATMENT OF BLEEDING VARICOSE VEINS 
IN BANTI’S SYNDROME* 

Dallas B Phemister, M D. and Eleanor M Humphreys, M D 

Chicago, Ii-i. 

Of the various operative procedures that have been used for esophago- 
gastric hemorrhage in Banti’s s3mdrome, splenectom}’-, porta-caval shunt and 
injection of the esophageal varices Mith sclerosing solutions are the only ones 
of much value 

Splenectom}'^’^’ " has given its best results in the uncommon cases with 
blockage of the splenic vein When extrahepatic obstruction of the portal vein 
IS present, splenectomy, by removal of a large area of the portal bed, may 
ameliorate the hemorrhage for a variable length of time, but it usually recurs 
as the hypertension is built up again Porto-caval shunF’ ^ introduced by 
Whipple and co-workers is the ideal treatment, since m addition to reducing 
the elevated pressure and tendency to hemorrhage of the gastro-esophageal 
varices, it relieves the passive congestion of all structures drained by the portal 
system But m some cases of fibrous or cavernomatous transformation of the 
portal vein, it has been impossible to anastomose either the mam trunk or one 
of its large tributaries with the inferior vena cava even when a vein graft was 
utilized Also when anastomosis was possible, the communication has some- 
times narrowed or closed Previous splenectomy precludes splenorenal anas- 
tomosis After successful anastomosis, there is still the possibility of hemor- 
rhage from the already established gastro-esophageal varices 

In certain hands^’ the injection of esophageal varices with a sclerosing 
agent has frequently controlled esophageal hemorrhage for worth-w hile periods 
of time Moersch® of the Mayo Clinic has recently made a follow-up study of 
22 cases for periods of three or more years after injection Tuelve have had 
no more bleeding, four are living with continued hemorrhages, three are dead 
of hemorrhages, and four are dead of unknown or unrelated causes 

An additional measure to be considered w hen these techniques either have 
failed or for emergent or other reasons cannot be applied, is resection of the 
bleeding segment This is especially true since the recent mortality for both 
transthoracic esophago-gastnc resection’’ and total gastrectomy^®- for carci- 
noma in experienced hands is under 15 per cent and after either operation at 
least a fair state of health may be maintained for an indefinite period The 
first reported case of one-stage, transthoracic esophago-gastnc resection, per- 
formed by Adams and Phemister,^^ is alive and well nine years after operation 
and patients have lived for }ears after total gastrectomy vith only mild 
anemia and slight impairment of nutrition 

Tuo patients with Banti’s sjndrome ha\e been treated, one by total gas- 
trectomy and one by transthoracic esop hago-gastnc resection In each case 

Read before the American Surgical Association, March 25, 1947, Hot Springs, Va 
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the hemorrhages began at an early age and persisted after splenectomy, the 
liver was normal and the general health was little impaired except by the 
bouts of bleeding 


CASE REPOETS 

Case 1— C C, male, age i8 years, was admitted to the hospital 7-7'44 with the 
chief complaint of hemorrhages from the gastro-mtestinal tract beginning at the age 
of SIX Since the age of four his general health had been below par and he had had 
periodic attacks of malaise, weakness and fever At the age of five an enlarged spleen 
was noted and since the age of six he had had repeated bouts of hematemesis and 
melena which were often associated with febrile attacks At the age of ten he entered 
the Children’s Memorial Hospital, Chicago, where he was found to have a markedly 
enlarged spleen and blood examination revealed R B C 395, ooo, Hb 70 per cent, platelets 
6800, W B C 3000, Diff Polym 63, L 32, M 4. E i. Ret 3 per cent, coag t 3 min , 
B1 1 4 mm 

Splenectomy was performed The spleen weighed 325 Gm and microscopically 
showed the picture characteristic of Banti’s disease Following the splenectomy he con- 
tinued to have bouts of hematemesis and melena and at the age of 16 they increased m 
seventy Eighteen months before admission, an esophagoscopic examination elsewhere 
revealed extensive varices of the lower and middle portions of the esophagus Injections 
of the varices with a sclerosing solution were made on eleven occasions at that time, on 
nine occasions five months later, and on five occasions seven months after that But two 
to four months after each set of injections, very severe bouts of bleeding occurred calling 
for numerous transfusions The only change was that after starting the injections, the 
blood all passed by rectum, whereas before it has passed both by mouth and by rectum 
On admission, two months after the last hemorrhage, he felt well except for mod- 
erate weakness Physical examination revealed essentially normal findings aside from an 
old left upper paramedian laparotomy scar There were no paraumbilical varices or 
hemorrhoids The liver was not palpable and the cephalin flocculation, colloidal gold and 
bromsulphalein liver function tests were normal Blood examination showed R B C 
5,100,000, W B C 8,900 and Hb 14 Gm per cent On esophagoscopic examination the 
lining of the middle and lower esophagus was thickened from the previous injections and 
few varices were seen Roentgenologically, when the Valsalva test was applied, the 
esophagus showed some irregularity of the barium shadow and the proximal stomach 
showed filling defects which were interpreted as due to varices The stomach was 
manipulated under the fluoroscope and the patient soon presented symptoms of hemorrhage 
which became severe Bleeding continued irregularly for 20 days, and necessitated 24 
blood transfusions 

The diagnosis was made of bleeding gastric varices and a total gastrectomy decided 
upon Severe bleeding started again on the early morning of the day for which the 
operation was scheduled Rather than risk the chances of another severe bout of bleed- 
ing, an emergency laparotomy was performed The stomach contained a large amount of 
blood and the coronary vein and branches to the lesser curvature were enlarged There 
was blood in both small and large intestines and no sign of enlargements of the branches 
of the superior mesenteric vein The liver was of normal appearance Total gastrectomy, 
esophago-jej unostomy and jejuno-jej unostomy were performed Bleeding continued 
during the operation and 3500 cc of partly clotted blood was found in the excised stomach 
Thirty-one hundred cc of blood was transfused during and shortly after operation The 
postoperative course was relatively uneventful 

Pathology —Externally the stomach looked normal aside from the moderately dilated 
veins on the lesser curvature The gastric mucosa had normal folds and was of normal 
color except for a few petechiae No ulcer or definite point of bleeding was found 

Microscopically, the outstanding feature in sections from all parts of the stomach 
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was the large size of submucosal \eins and mucosal venules Especialh large, empt}', 
submucosal veins were found near the lesser cur\ature, close to the cardia (Fig i) 
Some of them had thin walls, with plaques which appeared to ha\e been formed from 
organized mural thrombi No fresh thrombi or open \essels were obser\ed, here or 










PHEAIISTER AND HUMPHREYS 


Annals of Surgerj 
October 1947 


fold illustrated in Figure 2, stimulating an angioma The two large veins m this fold 
protruded through the muscularis mucosae Often connections could be traced between 
mucosal and submucosal veins Such a channel in the mid-gastric region (Fig 3) drained 
the basal venous plexus of the mucous membrane, and the numerous venules and capil- 
laries between the gastric glands It was sometimes possible to trace serially one of the 
large straight venules from a channel communicating with a large submucosal vein almost 



> * 



Fig 3 — Case i Mucosal venocapillary network 
communicating with large submucosal gastric vein Mid- 
gastric region (X 125) 


to the mucosal surface At no point, however, was there a continuous demonstrable pas- 
sage leading to the lumen However, it is easily understood that bleeding might occur 
from minute surface erosions opening the tips of such vessels which would escape 
detection 

Even in the antrum and close to the pjlorus venous distention and mucosal changes 
were evident, though nowhere so marked as near the cardia Hemorrhage about a large 
pyloric vein as it passed through the muscle coats was probably the result of operative 
trauma The largest external veins were close to the cardia These coronary veins were 
not thrombosed, and were remarkable only because thev were sclerotic, with walls 
thicker than those of the arteries they accompanied 
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During the two and two-thirds years since operation, the patient has been in fairly 
good health aside from two bleeding spells, one moderate two years ago, and the other 
slight eight months ago He has received injections of liver extract once a week and on 
2-5*47, ^ blood examination revealed RBC 4,320,000, WBC 6900 and Hb 136 Gm 
per cent Two years after operation, esophagoscopy revealed sclerosed bluish ridges 
in the lower esophagus but no definite varices were identified by needling and aspira- 
tion This finding spoke against the reestablishment of important venous connections 
across the line of esophago-jejunal anastomosis However, there was hematemesis at 
the time of the last bleeding, indicating that the blood came from esophageal varices 

Case 2 — E K , a female age 21 years, was last admitted three and two-thirds 
months ago because of melena and other symptoms of hemorrhage of five hours’ dm ation 
She first entered the hospital at the age of nine years with a history of occasional bouts 
of hematemesis and melena since the age of four, some of which had been se\ere and 
associated with febrile reactions Two days previously she became ill with a fever and on 
admission the temperatuie was 39°C The only other positive finding on physical exam- 
ination was a moderately enlarged palpable spleen The initial blood examination revealed 
RBC 4,960,000, Hb g6 per cent, WBC 12,050 Ten hours after admission bleeding 
stalled with hematemesis, and marked signs of blood loss and melena followed Six days 
later she was afebrile, the bleeding had stopped and the blood examination revealed 
RBC 2,720,000, Hb 6 5 Gm per cent, W B C 4,700, coagulation time three minutes, 
bleeding time five minutes, platelets 260,000 Esophagoscopy revealed varices in the lowei 
esophagus A diagnosis w'as made of Banti’s disease wuth bleeding esophageal varices 
Splenectomy w'as performed three weeks after admission w'hen the patient had 
sufficiently recovered The liver appeared to be essentially normal The spleen weighed 
167 Gm and was normal in contour Microscopically, there were the changes of con- 
gestive splenomegaly w'lth early stages of Banti’s fibroadenie A hyaline thrombus was 
found m a small branch of the splenic vein near the hilus 

The postoperative course w'as uneventful Blood examination six weeks after oper- 
ation revealed RBC 4,370,000, Hb 74 per cent, WBC 9,150, platelets 828,000 Six 
months later the platelets w'ere 215,000 At widely varying intervals, since the splenec- 
tomy the patient has had bleeding spells often associated W'lth fever because of which 
she W'as repeatedly admitted for treatment Otherw'ise she has been in good general health 
Five hours before the last admission, she developed weakness and faintness and soon 
passed a large amount of blood by rectum Her condition grew' worse and on admission 
she W'as in marked shock from hemorrhage Blood examination revealed RBC 2,110,000, 
Hb 9 Gm and WBC 15,600, Prothrombin 95 per cent Unconsciousness set in shortly 
before transfusion was started but she responded well to the continuous administration 
of 500 cc of plasma and 1500 cc of blood, follow'ed by 2500 cc of blood in the course of 
the succeeding five days The hemorrhage stopped and by the 8th day she w'as in good 
general condition Roentgenography revealed varices in the lower esophagus (Fig 4) 
w'hich W'ere verified by esophagogoscopy 

In view of the nearly fatal outcome, the patient readily consented to operation By a 
left thoracic approach through the bed of the resected 8th rib, the lower esophagus was 
exposed No enlargement was noted m the veins about it The diaphragm was opened 
and the liver found to be normal in appearance The veins of the stomach were not 
remarkable although it was not easy to judge those of the lesser curvature Resection of 
the lower three and one-half inches of the esophagus and upper two inches of the 
stomach follow'ed by esophago-gastrostomy was performed The postoperative course was 
uneventful, there has since been no return of bleeding and she is now in good general 
health 

Pathology —The mucosal surfaces of the resected segment are demonstrated in Figure 
5 A few stringv' brown clots adhered to the gastric mucosa w'hich W'as grossly intact 
Despite the previous oozing of much blood from the cut margins, tortuous submucosal 
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■Case 2 Roentgenogram showing esophageal Fig s — Case 2 Resected portions of esophagus 

varices and stomach , varices more extensive m esophagus 

than in stomach 
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luXarwf of 7e ‘’eZtaVo" "“no ^otTfec^mlT^eal’’ ep.thehum could be 
demonstrated veins were found to run in the submucosal 

— on 

of the subn-ucosal ve.„s As .n the large 



r IT r. wpIU of the venous channels were of variable thickness The 
Tbrnus t.s!7ol tit mner tumcs was condensed, and was particularly compact close to the 
Siebum covering the longitudinal folds The epithelium was ftick, and on he tops 
a projecting folds hyperkeratotic On the tops of projecting folds no epithelial defects 

"'“\taotcopically, the changes in the gastric wall were in general similar to but much 
less pronounced than those in Case t The veins in the submucosa were considerably 
smaller than those in the esophagus but they were much more numerous than was 
apparent on gross inspection The cross-section of a ruga close to the cardia, illustrated 
in Figure 7, demonstrates numerous wide veins As m Figure 2 of Case I, large veins 
impinged on the mucous membrane, and lay within or above the muscularis mucosae 
Ficurc 8 illustrates m detail one of these %ems lying in the basal portion of the mucosal 
^cno\ls plexus The thickest part of its wall represents an organized mural thrombus Its 
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large branch m the mucosa above is surrounded by dense fibrous tissue, representing an 
organized thrombotic vein The artificially loose structure and distortion of the mucosa 
illustrated here was repeated m other sections which included large veins and wide venules 
In some rugae the glandular pattern was even more distorted, resembling the changes 
illustrated in Figure 3 of Case i No erosions nor points of recent bleeding were identified 
No grossly visible defects to account for the recent hemorrhages were found in either 
resected specimen The conclusion based on clinical facts that the stomach was the 
important source of bleeding prior to the gastrectomy in the first case was supported by 




-Case 2 Large veins in a gastric ruga (X 60) 


histologic studies Bleeding from the stomach as well as from the esophagus probably 
had occurred in the second case, judging from the presence of thrombosis in branches of 
the mucosa Under some conditions, the gastric component of gastroesophageal varices 
may provide a greater danger of hemorrhage than the esophageal component 


DISCUSSION 

The term “gastro-esophageal” fittingly characterizes the varices associated 
with chronic hypertension in the portal, gastric and splenic veins Dilated 
gastric veins were demonstrated in both cases here reported Especially in 
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Case I, where sclerosing injections had obliterated many of the esophageal 
varices, gastric veins were everywhere enlarged, particularly so near the 
cardia In Case 2, with patent esophageal varices, renous dilatation was 
similar but less marked Clinical and anatomical evidence of recent severe 
gastric hemorrhage was piesent in Case i, \Mthout grossly visible defects in 



Fig 8 — Case 2 Large vein lying internal to the gastric 
musculans mucosae 


the gastric mucous membranes The fact that bleeding may occur vithout 
gross erosions explains the frequent lack of emphasis on gastric hemorrhage 
associated with gastroesophageal varices The probable sources of the 
blood lost from the stomach without demonstrable lesion are numerous tiny 
ruptures through veno-capillary stomata, with the loss of too few epithelial 
cells to be appreciated grossly In the average case of cirrhosis, or of Banti’s 
syndrome, the esophageal varices are probably the source of most of the 
severe and sudden hemorrhages Hov ever, these cases demonstrate how gas- 
tric bleeding may be added to esophageal bleeding, or as in Case i, may 
replace it in importance 
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The time has not arrived for a final evaluation of all of the various oper- 
ative procedures for the control of hemorrhage in Banti’s syndrome due to 
extrahepatic portal block Resection of the bleeding segment like obliteration 
of the esophageal varices by injection, throws more load on the remaining 
routes of collateral circulation, but this may be justifiable because they either 
do not bleed at all or bleed infrequently, and if patients with extrahepatic 
portal block and portal hypertension especially the splenectomized ones, do not 
bleed to death, they may live indefinitely in good health except at the time of 
the bleeding bouts Transthoracic esophagogastric resection gets rid of that 
portion of the vaiicose segment which is the usual seat of major hemorrhage, 
divides the vessels of the lesser curvature and of a variable part of the greater 
curvature, thereby reducing gastric blood supply and establishes more or less 
of a permanent barrier in the esophagogastric venous collaterals at the line of 
anastomosis Total gastrectomy gets rid of the bleeding points when the 
hemorrhage is predominantly from the stomach and establishes a connection 
between the esophagus and jejunum which is free of varices 

Theoretically and from the meager information furnished by these tuo 
cases, resection would appear to be woithy of a trial when control of hemor- 
rhage IS impossible by means of splenectomy, porta-caval shunt and injections 
Whether m threatening and emergent cases such as these t\\ o, the percentage 
of failures with porta-caval shunt and injections may be great enough to war- 
rant the use of resection in advance of one or both of those procedures, remains 
to be determined Splenectomy might be combined either with transthoracic 
esophagogastric resection, or m case of gastric bleeding, with total gastrectomy, 
if on exploration it is found impossible to perform a porta-caval shunt Since 
wider resections than were practiced here are possible, they might be called 
for m selected cases 


SUMMARY 

A patient with Banti’s syndrome and a normal liver had frequent severe 
hemorrhages from gastric varices after splenectomy and extensive obliteration 
of esophageal varices by injections had been carried out Total gastrectomy 
was performed two years and eight months ago, since which time there have 
been only two bleeding spells from remnants of the esophageal varices, one 
moderate and the other slight 

A second patient with Banti’s syndrome and a normal liver was subject 
to severe hemorrhages which continued after splenectomy Transthoracic 
esophagogastric resection was performed and varices were found m the resected 
segment, greater in the esophagus than m the stomach There was no further 
bleeding three and one-half months after operation 

The importance of gastric varices as a source of hemorrhage is discussed 
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Discussion — Dr Alfred Blalock, Baltimore, Md Approximately two years ago 
I operated upon a 39-year-old woman w’ho had bleeding esophageal varices with the 
intention of carrying out a procedure such as Doctor Phemister and Doctor Humphreys 
have described On opening the left low'er pleural cavity many varices could be seen on 
the outside of the esophagus Two large plexuses of such vessels were removed (lantern 
slide showing dilated veins) We performed this operation rather than that of removal 
of the low'er part of the esophagus because it appeared to be a less dangerous one How' 
ever, the bleeding continued and I washed subsequently that I had carried out the pro- 
cedure described by Doctor Phemister 

Fortunately this patient had not had her spleen removed and in that respect she 
presented a problem somewdiat different from that of the patients described by Doctor 
Phemister Since the bleeding continued, we decided to perform a renal splenic \cin 
anastomosis as developed and popularized by Dr Arthur Blakemore and Dr Allen 
Whipple 

(Motion picture showing renal splenic anastomosis) The incision was performed 
through a left trans%erse abdominal incision Other methods of approach have been 
recommended For example. Doctor Linton of Boston uses a left transpleural approach 
The spleen was used, exercising great care not to injure the splenic vein The kidney 
was delnered into the incision The renal artery w'as occluded temporarily The renal 
\ein was occluded proximally and distally with rubber shod clamps and a transverse 
opening was made into the \ein between the points of occlusion An end-to-side anasto- 
mosis was then performed between the proximal end of the splenic \ein and the side of 
the left renal ^em The intima was approximated and everted by the use of 00000 silk 
on an atraumatic needle By the use of the end-to-side anastomosis, it is not necessary to 
sacrifice the kidney Furthermore, the experimental observations of Dr T N P Johns 
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and myself indicate that an end-to-side anastomosis is more apt to lemain patent than 
IS an end-to-end anastomosis in which the kidne}' is removed It seems likely that the 
blood returning from the kidney serves to maintain patency of the anastomosis A better 
procedure is that recommended by Doctor Blakemore, in which one only partly occludes 
the renal vein during the time that the anastomosis is being performed This was not 
possible m the present case because the renal vein was not very large 

The present patient has had no further bleeding since the operation, but the interval 
has been only a couple of months However, the results in other cases upon whom 
Doctor Blakemore, Doctor Linton, I and others have operated with a longer time 
follow-up are encouraging 

Nevertheless, I must agree with Doctor Phemister that patients with bleeding eso- 
phageal and gastric varices piesent exceedingly difficult problems and it is quite likely 
that the best means of treating them has not j'et been evolved I am very much impressed 
b} the results reported by Doctor Phemister and I think that this method will find 
further useful application in the treatment of bleeding varices, and particularly so m the 
case of those patients who have had a previous splenectomv 

Dr OwtN H Wangenstefn, Minneapolis, Minn Doctor Phemistei stressed tiie 
hydrostatic factor as the important one in bleeding from esophageal varices There is 
another item which, I believe, may be equally as important, viz , the acid-peptic diges- 
tive factor 

Bleeding fiom the mucosa of the lower esophagus or stomach in the presence of 
portal hypertension, whether occasioned by portal cirrhosis or Banti’s disease, appears to 
be due in part to the circumstance that erosions in these areas are readily produced in 
the presence of portal hypertension This evidence has been published elsewhere 
(Canadian Med Assoc J 53, 309, 1945) and here it need only be said that portal hyper- 
tension definitely abets the ulcer diathesis In our laboratory, histamine implanted in 
beeswax has proved a useful tool in exploring factors which are believed to abet the 
ulcer diathesis as well as in assaying the protective merits of an operation against ulcer 
Whereas, a 75 per cent gastric resection performed with a short afferent duodenojejunal 
loop will protect dogs regularly against the histamine-in-beeswax provoked ulcer, a 90 
per cent resection will not protect regularly when a simultaneous portal hypertension 
has been brought about (Proc Soc Exper Biol & Med 59, 234, 1945) 

The late Professor Eppinger pointed out in his monograph on liver disease that 
approximately 20 per cent of patients with cirrhosis die of hemorrhage Deaths from 
hemorrhage and ascites in portal hypertension are owing essentially to mechanical causes 
— the increased venous pressure, and may precede actual hepatic insufficiency bv a long 
interval All operative procedures directed at correcting hemorrhage in progressive 
hepatic cirrhosis are essentially palliative in nature, for we do not know how to arrest 
failure of hepatic functions Yet, life may be prolonged through operatwe procedures 
which lessen the tendency to hemorrhage In the Blakemore procedure this end is 
achieved by diverting the blood from the portal system to one of the systemic veins In 
cirrhosis such a procedure may not improve liver function and m thrombophlebitis of 
the portal and splenic veins (Banti’s disease) the thrombus may extend and compromise 
the return of blood from the small intestine 

In performing total gastrectomy for bleeding esophageal varices, in addition to 
getting rid of the acid-peptic digestive factor. Doctor Phemister did one other important 
thing, he separated the esophagus completely from the higher venous pressure of the 
portal circulation In the 90 to 98 per cent gastric resection which I have employed for 
esophageal or gastric hemorrhage occasioned by portal hypertension, this latter feature 
of total gastrectomj is absent, in that one or two vasa breviae still connect the submucosal 
lakes of the lower esophagus to the portal circulation I am inclined to believe that a 95 to 
98 per cent gastric resection or a total gastrectomy are physiologically sound in the 
management of esophageal varices even though they do not approach the problem as 
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directly as does esophagogastric resection Moreover, patients ^\lth bleeding from the 
upper reaches of the alimentary tract who ha\e hepatic cirrhosis or Banti’s syndrome 
appear to have generous amounts of free hydrochloric acid m their gastric juice When 
on exploration, the liver appears normal as it usually does in Banti’s disease, the man- 
agement of the venous pressure in one of the tributaries of the portal vein is important 
In thrombophlebitis of the portal vein, the venous pressure will be up, whereas in bleeding 
from a silent, nonpalpable gastric erosion, the venous pressure will be normal For the 
latter type of case, the conventional 75 per cent gastric resection is adequate, for the 
portal hypertension, a 95 per cent resection should be done 

Of the three patients reported by me in 1945 who underwent extensn e gastric resection 
for bleeding from esophageal varices, two are still alne and well Neither has had 
recurrent hemorrhage I had done earlier excisions of the spleen m both with recurrent 
hemorrhage The first patient, a man who underwent bgature of the veins to the lower 
esophagus elsewdiere, prior to submitting to a 90 per cent gastric resection at my hands, 
died somewhat less than a year later from complete obliteration of the portal vein More- 
over, there had been some melena prior to death But as w’as related above, a 90 per cent 
gastric resection does not protect regularly against the histamine-provoked ulcer in the 
dog in the presence of portal hypertension A few months after the extensive gastric 
resection, I also excised this man’s right lung for carcinoma Of the tw'O surviving 
patients, one is a child with nodular hepatic cirrhosis for wdiom a 98 per cent gastric 
excision w'as done for repeated hemorrhages persisting ten months after splenectomy This 
boy IS now almost six years old and has had no recurrent hemorrhages tw'o years after 
the gastric resection The other is a young woman in her thirties with Banti’s syndrome 
of thrombophlebitis of the portal and splenic veins Her spleen w'as excised by me seven 
j'^ears previously with persistence of hemorrhage There has been no recurrence of 
hemorrhage since the 95 per cent gastric resection done almost tw'o years ago 

Dr J deJ Pemberton, Rochester, Minn For many years I have been interested 
in the problem presented by Doctor Phemister, that is, the control of bleeding from 
esophageal and gastric varices in cases of Banti’s syndrome 

In the past at the Mayo Clinic w'e have relied on tw'o measures to check such 
bleeding, both of which are designed to reduce the hypertension of the portal circulation , 
namely (i) removal of the actively congested spleen in order to dimmish the volume of 
blood entering the portal system and, (2) performance of omentopexy in order to pro- 
mote the establishment of collateral circulation between the portal and caval systems 
Results of such treatment as regards prevention of recurrent bleeding may be summarized 
briefly Of the 173 patients w^ho had hemorrhage before operation, 93, or 54 per cent, 
have had recurrent bleeding after operation, but of the 99 patients who had no gross 
bleeding before operation, 15 per cent have had subsequent bleeding These clinical data 
would tend to support the belief that if splenectomy w^ere performed early in the course 
of the disease before the development of esophageal and gastric varices, bleeding could 
be prevented in a large percentage of cases of Banti’s syndrome 

After the demonstration by Crafoord and Frenckner in 1939 that esophageal varices 
could be obliterated safely by the injection of sclerosing solution, my colleague. Dr Her- 
man Moersch, has employed this method of treatment in a series of patients who had 
recurrent bleeding after splenectomy Doctor Moersch has kindly furnished me with a 
brief summary of the results of injection of the esophageal varices in 22 cases in which 
patients were treated up to three years ago Twelve patients w-ere completely relieved of 
their bleeding These patients have been follow'ed up for from four to six years Appar- 
ently in all these cases the varices w’ere confined to the esophagus The results in the 
remaining ten cases w'cre unsatisfactory In all ten, varices w^ere demonstrable in the 
cardiac end of the stomach, as w'ell as m the esophagus The results are as follows 
Three patients died of further bleeding , one patient died, cause unknowm , one patient died 
of cerebral hemorrhage, one patient died of hepatic insufficiencv, and four patients are 
alive but have had further bleeding 
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Doctor Moersch feels, therefore, that the injection is an effective method of prevent- 
ing bleeding in those cases in which the varices are limited to the esophagus, but that it is 
of little or no value in those cases in which the varices extend into the cardiac end of the 
stomach It is for patients in this latter group of cases that further measures are needed 
in order to prevent bleeding, and I believe that Doctor Phemister’s procedure is a logical 
approach to the problem It may appear too radical, but I am convinced that any proce- 
dure, however formidable, which offers any reasonable hope for these patients is definitely 
warranted I want to congratulate Doctor Phemister 

Dr Arthur H Blakemore, New York City On the basis that in cases having 
portal hypertension, the most frequent sites of hemorrhage are from gastric veins and 
esophageal varices. Doctor Phemister and his associate have removed the stomach and 
lower esophagus in two cases 

Such a procedure obviously deals effectively with any varicosities existing within 
the limits of the resection, but fails to correct the underlying cause In re-estabhshing 
the continuity of the alimentary tract, Doctor Phemister has anastomosed the esophagus 
to the jejunum The venous drainage from the esophagus is into the caval system via the 
azygos veins The venous drainage of the jejunum is into the portal system At the 
site of the anastomosis, branches of the caval system inosculate i\ith branches of the 
portal system and, in the presence of portal hypertension, the subsequent development of 
varices is inevitable 

In the past, radical excisions of the inosculating system of portal and caval branches 
has failed to relieve hemorrhage in the presence of portal hypertension 

Dr Dallas B Phemister (closing) It should be emphasized that gastric or 
esophageal hemorrhage in Banff’s Syndrome is usually the result of rupture of \arices 
that he immediately beneath the mucosa or even extend out into its substance, and that 
It IS not associated with the deeper and more extensive ulceration mentioned by Doctor 
Wangensteen, which is met with in the ulcer patient or in ulcers produced experimentalh 
in animals by histamine implantation 

Doctor Blakemore has pointed out that gastro-esophageal resection throws an extra 
load on the other points of collateral circulation This is true, but they rarely ever bleed 
For example, I have not seen bleeding hemorrhoids m a patient with Banti’s Syndrome 
Consequently, resection may be justified 
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Acute cholecystitis following surgical operations other than on the 
biliary tract has attracted the occasional attention of surgeons for some time 
VesR reported a case from the Union Memorial Hospital m Baltimore of a 
22-year-old woman who was operated on for subacute appendicitis Palpation 
of the gallbladder at operation was reported normal She made an unevent- 
ful recovery and was discharged a week after operation Three days later she 
was seized with sudden intense pain in the upper abdomen associated with 
marked spasm and tenderness in the gallbladder region A gallbladder con- 
taining large amounts of black bile and a single mulberry stone was removed 
after readmission to the hospital Fisher^ reported another case from Balti- 
more of a 19-year-old football player who was operated on for open reduction 
of the scaphoid Two days later he developed manifestations of acute cholecys- 
titis with a white count of 17,200 At operation a gangrenous gallbladder was 
removed and the patient made an uneventful recovery One of the earliest 
cases in the literature w^as reported by Duncan^ in 1844 The patient was a 
woman with a strangulated hernia of 24 hours' duration and general symptoms 
of intestinal obstruction The hernia was easily reduced but the symptoms 
became more severe and suggestive of peritonitis Death occurred in 48 hours 
Postmortem showed the under-surface of the gallbladder to be gangrenous, 
it had perforated, resulting in bile peritonitis No stones were found Another 
instance was reported by Kocher'^ of a 51 -year-old woman who developed 
acute symptoms of cholecystitis eight days after repair of a ventral hernia At 
operation a gangrenous gallbladder was found 

Several years ago I saw at autopsy a patient who had died because of a 
generalized peritonitis secondary to an acute gangrenous cholecystitis with a 
free perforation into the peritoneal cavity The patient w^as a 60-year-old 
male who had been operated upon for repair of a large sliding hernia that 
contained much of the sigmoid colon He w^as obese, weighing 74 2 kilos The 
operation was done without difficulty under spinal anesthesia Because of the 
dissection required to liberate the incarcerated bowel, the patient after oper- 
ation was maintained on clear liquids by mouth and infusions for six days 
The diet w^as then increased and on the seventh postoperative day he com- 
plained of abdominal pain that was first generalized and then became most 
marked on the right side This was accompanied by an elevation of temper- 
ature to 38® C , an increase in the pulse rate to 100, and marked abdominal 
distention The latter w'as only partially relieved by enemas Nausea and 
vomiting were marked on the 9th postoperative day and a flat plate revealed 
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marked large bowel distention Because of these symptoms and findings, a 
laparotomy was done ten days after repair of the Irernia and particular atten- 
tion was directed to the left colon which had been incarcerated in the large 
hernia The fluid in the abdomen was blood-tinged and the lower bowel was 
distended but otherwise not unusual The region of the gallbladder was not 
examined, although a colostomy of the transvei se colon was done in an effort 
to relieve the bowel distention Five days later the patient died The gan- 
grenous gallbladder containing stones had perforated into the peritoneal cavity, 
resulting in a generalized peritonitis, the cause of death 

Over a period of 14 years (from September i, 1932, to September i, 
1946), at the New Yoik Hospital, a total of 555 patients have been operated 
upon for acute cholecystitis This phase of gallbladder disease, we feel, is well 
treated by surgery and for those patients under 50 years of age the operative 
mortality has been Ion, there having been four deaths, a mortality rate of 
I 08 per cent in a group of 368 patients The mortality rate was much higher 
in the 187 patients over 50 years of age, there were ii deaths, a mortality 
rate of 6 i per cent During this same period over 2,000 patients w’^ere oper- 
ated upon for non-malignant disease of the biliar} tract 

Table I 

ACUTE CHOLnC%STITIS — NEU \ORk HOSPITAL 
September i 1032 to September i 1046 


Total cases 

555 

Deaths 

15 

Mortality per cent 

2 7 

Operatit e Procedures 


Cholecystectomy 

485 

Cholecystostomy 

70* 

Common duct exploration 

44 

* 12 6% of total operations 



Cholecystostomy was performed in 70 instances and was followed by six 
deaths This procedure is clearly indicated under certain ciicumstances, as 
when the patient is too ill to withstand cholecystectomy or wFen cholecystec- 
tomy presents too great difficulties For the extremely debilitated patient or 
for the very ill, we doubt if there are any contraindicat’ons for cholecystostomy 
because it may be done under local anesthesia, disturbing the patient very 
little, and at the same time the simple procedure may be a life-saving one The 
decompression of the biliarj'^ tract averts catastrophe by preventing progressive 
liver damage if complete biliary obstruction is piesent 

Table II 

ACUTE CHOLECYSTITIS — NEW YORK HOSPITAL 

September i ig32 to September l IQ46 
Patients fifty years of age or over 


Total cases 187 

Deaths 1 1 

Mortality per cent 6 1 

Operative Procedures 

Cholecystectomy 150 

Cholecystostomy 37* 

Common duct e-cploration 24 

* 19% of total operations 
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In the senes of 555 patients treated suigically, 187 were 50 years of age 01 
ovei There ere 1 1 deaths, a mortality rate of 6 i pei cent One hundred 
and fifty weie subjected to cholecystectomy Thirty-seven, or 19 per cent of 
the 187, weie treated by cholecystostomy Twenty-foui, had in addition to 
these operations, exploration of the common duct The mortality rate of 6 i 
per cent of these patients who were 50 years of age and over indicates the 
definite greatei risk associated with them than those of less than 50 years of 
age wnth a moitaht} rate of i 08 per cent 


Table III 

ACUTE CHOLEC\STITIS NEW %ORK HOSPITAL 

September i 1932 to September i 1946 
Patients under fifty years of age 


Total cases 

168 

Deaths 

4 

Mortality per cent 

I 

Operative Procedures 


Cholecj stectomy 

334 

Cholecystostomy 

11+ 

Common duct exploration 

26 


* 9% of total operations 

The remaining 368 of the 555 patients w'ere under 50 years of age Theie 
w’^ere four deaths, a mortality rate of i 08 per cent Three hundred and 
thirty-four, or 908 per cent, w’ere subjected to cholecystectomy, and 33, 01 
8 9 pel cent, w^ere treated by cholecystostomy Only 26, or 7 i per cent, had 
in addition to one of the above procedures, exploration of the common duct 
This is a far more favorable outcome than our experience with the group of 
patients w^ho were 50 yeais and over 

During this period of 14 years I have obseived 17 patients who developed 
acute cholecystitis folio wung a surgical procedure unrelated to the biliary tiact 
They are as follow's 


Diagnosis 

Number 

Cases 

Age of 
Patients 

Hernia 

4 

60-62-60-58 

Acute appendicitis 

2 

67-32 

Hemorrhoids 

2 

60-58 

Hydrocele 

I 

63 

Fissure in ano 

1 

54 

Ovarian cyst 

I 

29 

Abscess of leg 

I 

67 

Nasal packing for epistaxis 

I 

41 

Bladder stones, hypertrophy of prostate 

I 

64 

Tumor of salivarj'- gland 

I 

63 

Hypertrophy of the prostate 

1 

, 54 

Carcinoma of the rectum 

I 

49 


Total 17 

Five of these patients w^ere observed during the last part of 1945 and 1946 
Their case summaries are presented as illustrative of the common course of 
events 
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Case ICS — #438487 This 67-year-old white male was admitted to the hospital 
because of a cellulitis superimposed upon dependent edema of the lower extremities sec- 
ondary to cardiac disease The cellulitis had followed a severe sunburn sustained in 
Florida He was admitted to the hospital, placed at rest in bed, and digitalized During 
this period he developed a subcutaneous abscess that was incised and drained under local 
anesthesia He received morphine and codeine for discomfort and because of his cardiac 
condition was placed on limited intake by mouth He received penicillin for his infection 
Eight days after admission and two days after incision and drainage of the abscess, he 
suddenly developed pain in the right side of his abdomen associated with nausea and 
vomiting There was no history of any similar previous episodes His temperature 
within a few hours was 38 4° C and his white count rose to 22,300 The entire right side 
of the abdomen was held so rigid that no masses could be palpated A diagnosis of 
probable acute cholecystitis was made and under local anesthesia a cholecystostomy was 
done There was bile-stained fluid free in the peritoneal cavity, the gallbladder was 
tense and acutely inflamed It contained white bile and bile-stained material but no 
stones The patient’s postoperative course was satisfactory Because of his cardiac con- 
dition he was discharged from the hospital and died some weeks thereafter of cardiac 
disease 

Case 2 S G — #461002 A 32-year-old male was operated upon for acute suppur- 
ative appendicitis with gangrene, having had symptoms for about three days prior to 
operation Following the appendectomy the patient received nothing by mouth for several 
days because of peritonitis, morphine was given for pain He had glucose infusions up 
to 3,000 cc per day He was a somewhat apprehensive individual who was very slow in 
resuming a normal intake by mouth Solid food was first taken on the 9th postoperative 
day, the next day he complained of pain in the right upper quadrant which gradually 
increased in severity He became nauseated and vomited, and associated with this was 
an elevation of temperature to 37 8° C and of the white count to 24,000 At operation 
a large, acutely inflamed gallbladder containing 50-60 stones was removed His post- 
operative course was entirely satisfactory and he was discharged two weeks later It is 
probable that the prolonged period of fasting and a moderate amount of drug therapy 
may have precipitated this acute attack 

Case 3 C R — #446343 A 62-year-old man was admitted to the hospital for repair 
of an indirect inguinal hernia In the course of a check-up cholecystograms were taken, 
revealing stones The patient was operated upon for repair of the hernia under local 
anesthesia, having been given preoperative morphine, and clear fluids were given imme- 
diately after operation He received morphine on the first postoperative day and codeine 
on the second, and he was then placed on a soft diet On the third day he complained of 
severe pain in the right upper quadrant following the taking of a few bites of creamed 
shrimp Within a few hours there was a palpable mass in the right upper quadrant which 
was believed to be the gallbladder His white count was 12,000 and hts temperature 
rose to 38 4° C He was nauseated and vomited A diagnosis of acute cholecystitis was 
made and operation recommended but refused by the patient The acute episode grad- 
ually subsided over a period of three days and the patient was discharged from the hos- 
pital to return four months later when a gallbladder containing many stones was removed 

Case 4 F C — #403668 A 41-year-old hotel executive was admitted to the hos- 
pital because of epistaxis which was severe and persistent His past history was 
significant Eight years before he had had acute cholecystitis, and a cholecystostomy was 
done and stones removed Six years later because of indigestion he had had cholecysto- 
grams done which revealed a poorly functioning gallbladder containing stones For years 
he had taken several cocktails and highballs each day His prothrombin time was prolonged 
but became normal following the administration of vitamin K Upon admission to the 
hospital he was given transfusions Repeated packing of the left nostril was necessary 

414 



Volume 126 
Number 4 


ACUTE CHOLECYSTITIS 


and during this period the patient received morphine for pain and discomfort Fluids 
were taken with difficulty and he received infusions , he took no food He was running 
an elevated temperature of 39 8° C which gradually subsided over the first five days of 
hospitalization, at the end of which time he was greatly improved His temperature was 
almost normal and he received solid food for the first time on the 5th day after admission 
Shortly thereafter the patient had severe right upper quadrant pain radiating around the 
right costal margin He was nauseated but did not vomit Within a few hours the entire 
abdomen had become rigid to examination, the pulse was elevated to 120, the temperature 
to 39 4° C , and the white count to 13,000 It was the impression of the author that the 
patient had a perforation of the gallbladder associated with acute cholecystitis He was 
subjected to immediate operation but because of his poor general condition only a 
cholecystostomy was done for acute gangrenous cholecystitis with a perforation through 
which bile was escaping There was a single stone which was removed He was dis- 
charged from the hospital 22 days later Four months thereafter he was readmitted and a 
cholecystectomy was done 

Case 5 P H — #455952 A 64-year-old male was admitted to the hospital because 
of a bladder stone and hypertrophy of the prostate The patient had in addition to his 
urinary symptoms some indigestion, and prior to operation a cholecystogram was taken 
which revealed stones Seven days after admission a suprapubic cystolithotomy and 
suprapubic prostatectomy were performed under spinal anesthesia He received pre- 
operative morphine and also morphine after operation, as well as parenteral fluids During 
the following six days the patient was without appetite and took only clear fluids On the 
7th postoperative day he began to take his first solid food The following day he com- 
plained of pain in the right upper quadrant and was nauseated but did not vomit Over a 
period of 12 hours there developed a mass in the right upper quadrant and generalized 
muscular resistance of the right rectus His temperature rose to 388® C and the white 
count was 14,200 The patient was operated on and an acutely inflamed, distended gall- 
bladder was found which contained a large stone in the ampul lary region Because the 
patient had at the time of this operation an upper respiratory infection as well as some 
elevation of his urinary nitrogen, the operation was performed under local anesthesia and 
only a cholecystostomy was done Following this procedure he made an uneventful 
recovery and was discharged from the hospital on the 25th postoperative day He is to 
return for cholecystectomy 

Because of the controversy commonly associated with the early surgical 
treatment of acute cholecystitis, we have been constantly reviewing our experi- 
ence in an attempt to evaluate properly our policy Our aim has been to inter- 
rupt biliary disease early by surgical interference Acute cholecystitis is but a 
phase of biliary tract disease It is an important phase, however, because in 
it certain complications may arise which are associated with a high mortality 
rate And it has been reported again and again m the literature that these 
complications and their accompanying mortality account for a very definite 
proportion of the deaths that result from operations upon the gallbladder and 
bile ducts In a paper entitled “The Factors Leading to Death in Operations 
Upon the Gallbladder and Bile Ducts,” Heuer® m 1934 reported that 20 
authors up to that time had recorded 502 instances of perforation of the gall- 
bladder Only eight of these recorded their mortality figures , however, these 
ranged from 33 3 to 100 per cent In a revieiv of the literature from 1934 to 
1946 I have found reports of 25 authors who have recorded an additional 457 
cases Twenty-two of the 25 authors have given their mortality figures and 
these range from 5 8 per cent to 75 per cent 
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T\ble IV 

gallbladder perforations from the LITER^ATURE — DEATHS AND MORTALITA 

Heuer — 1934 



Number Number Mortalitj 

■Author and Reference 

Cases 

Deaths 

(Per Cent) 

Blalock A Bull Johns Hopkins Hosp 35 391 1924 

21 

5 


Smith M Tr Am S A 51 287 1933 

24 

? 


Johnson South M J , 19 889, 1926 

9 

9 

100 0 

Judd Parker Ann Surg 84 419 1926 

2 

? 


Siegmund Deutsches Arch f Chir 230 359 1924 

8 

5 

62 5 

Heuer, G West Virginia M J 26 1 1930 

18 

? 


Danzia S Chn North America 6 1397 1926 

1 

1 

100 0 

Stanton Am J Surg 8 1026 1930 

32 

32 

100 0 

Santee Ann Surg 93 1156 1931 

5 

3 

60 0 

Alexander Ann Surg 86 765 1927 

20 

? 


Mitchell Ann Surg 88 200 1928 

16 

? 


McWilliams Ann Surg 55 235 1912 

6 

2 

33 3 

McWilliams Ann Surg , 55 235 cites 

108 

52 

48 0 

Gosset Deplas J dechir 25 259 1925 

111 

? 


Darner Cullen Surg Gvnec. &. Ohst 37 579 1923 

3 

2 

66 6 

Zinnmger Ann Surg 96 406 1931 

16 

? 


Miller Ann Surg 92 644 1930 

8 

? 


Graham Ann Surg 93 1152 1931 

7 

? 


Judd Phillips Tr Am S A 51 292 1933 

68 

? 


Mentzer Surg Gjnec &. Ohst 55 709 1932 

19 

? 


Total 

502 




Table V 




PERFORATION OF THE GALLBLADDER — ADDITIONAL CASES 

FROM 

THC LITERATURE 

Glenn — 1947 





Number Number Mortality 

Author and Reference 

Cases 

Deaths 

(Per Cent) 

Cowlej S.HaA\kins Surg Gjnec S. Obst 77 661 1943 

25 

4 

24 0 

Edwards S. Goeng Ann Surg 113 824 1941 

18 

3 

16 6 

Stone &. Douglas Am J Surg 45 301 1939 

17 

1 

5 8 

Eliason S. McLaughlin Ann Surg 99 914 1934 

9 

1 

11 0 

Niemeter O Ann Surg 99 922 1934 

8 

0 

0 

Sanders R Surgery 1 949 1937 

46 

8 

17 4 

Noble T Am J Surg 38 259 1937 

9 

a 

33 3 

Bachhuber &. Deeb Am J Surg 67 40 1945 

22 

3 

13 6 

Johnston &. Ostendorph Arch Surg 53 1 1946 

3 

0 

0 

He>d C G Ann Surg 101 797 1935 

6 

1 

16 0 

DAbreu A. Brit M J 2 1156 1936 

3 

2 

66 6 

Hotz R 4.m J Surg 44 706 1939 

53 

19 

35 8 

Atlee J R Atlee J Jr PennsjhaniaM J 44 731 1941 

15 

3 

20 0 

Schaeffer R Pennsj h-ania M J 45 566 1942 

20 

8 

40 0 

Graham 8. Hoefle Ann Surg 108 874 1938 

4 

3 

75 0 

Elam &. Harkins Surger> 21 110 1947 

9 

5 

55 0 

Blumberg N S-Zisserman L Am J Surg 70 38 1945 

21 

7 

33 3 

Root R Pnestlej Am J Surg 61 38 1945 

22 

8 ? 


Stout R Hibbard Surgerj 13 734 1943 

6 

4 

66 6 

Ehaoon R Ste\ ens Surg G\nec R Obst 65 79 19j7 

17 

0 

0 

Wallace R Allen Arch Surg 43 762 1941 

64 

11 

17 2 

Wesson H Proc Staff Meet Mayo Clin 12 aOO 1945 

16 

0 

0 

Taylor F Surg Gy nee R Obst 63 298 1936 

15 

3 > 


Touroff A Ann Surg 99 900 1934 

4 

? 


Glenn R Moore Arch Surg 44 (677-686) 1942 

25 

4 

16 0 

Total 

447 




The genesis of acute cholecystitis following unrelated surgical operations 
may be accounted for as follo4vs The patient for a certain number of hours 
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before operation receives nothing by mouth, he then receives preoperative 
medication of morphine and atropine It is believed that the flow of bile from 
the liver into the gallbladder is almost constant— the preoperative medication 
does not alter this The bile is concentrated in the gallbladder The oper- 
ation then takes place, and the flow of bile under anesthesia may be reduced, 
but the operation is a matter of one to a few hours Then the flow of bile into 
the gallbladder begins again There is further concentration of bile m the 
gallbladder until some stimulus in the stomach or duodenum results in its 
emptying At first the patient usually takes water, then clear liquids, full 
liquids and then a soft diet Upon ingestion of a soft diet there may be, for 
the first time, since water and food were withheld before operation, an all-out 
attempt on the part of the gallbladder to empty its viscid and concentrated bile 
into the common duct and thence into the duodenum If a stone or stones block 
the escape of the concentrated bile from the gallbladder then the mechanism 
for obstructive cholecystitis obtains and an acute episode in the cycle of 
gallbladder disease may result However, there are instances of acute cholecys- 
titis in our experience without stones 

The patholog}’’ of the gallbladder in the patient who develops acute chole- 
cystitis follow ing a surgical procedure is indistinguishable from that observed 
in patients commonly encountered In cholelithiasis the degree of ischemia oi 
edema ivould appear to depend upon the location and relation of the cystic 
vein and cystic artery to the segment of the cystic duct or ampulla, wuthin 
which IS lodged the stone The gallbladder which has had many previous 
episodes of inflammatory reaction is more scarred and therefore does not 
become distended and enlarged to the extent that the more normal gallbladder 
does Likewise the thickness of the gallbladder wall is dependent upon the 
amount of edema that may be the result of obstruction to the venous return 
and the nature and extent of the bacterial infection wuthin the gallbladder w^all 
Certain types of infection, of short or long duration, tend to produce a great 
deal of reaction wuth the result that the thickness of the gallbladder wall is 
several times that of the noimal organ The thickness of the w^all might deter- 
mine to some degree the readiness with wdiich perforation would take place, 
providing the type of infection w^ere equal in the twm The rapidity wuth 
wdiich gangrene develops and is follow^ed by perforation is dependent upon the 
interference of the blood supply, the rapidity with which the infection takes 
place, and the virulence of the organism and its capacity to cause necrosis 

We would not imply that free perforation is to be anticipated in the major- 
ity of patients wnth acute cholecystitis The omentum and its tendency to 
become attached to the inflamed gallbladder w'all constitutes a normal protec- 
tive mechanism, and it is probable that this comes into effect m the majority 
of patients If the area of gangrene m the gallbladder w^all is limited to the 
fundus then attachment of the omentum may block the free escape of bile into 
the peiitoneal caMty If, however, the entire organ is involved, then it is 
probable that the omentum will be unable to protect the peritoneal cavity 
Where there has been a free escape of bile into the abdominal cavity, there is 
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usually an absence of any pretext of adhesions between the gallbladder wall 
and the omentum Whether or not this is due to the action of the bile or 
whether there is some other process with which we are not familiar that pre- 
vents it fulfilling its normal function is not known In late bile peritonitis the 
omentum as a rule seems to be contracted and much smaller, and assumes the 
normal position down over the mid-portion of the abdomen rather than trav- 
eling to the source of the bile leakage 

In discussion of the treatment of acute cholecystitis with those who favor 
nonoperative treatment, we are often confronted with the statement that per- 
foiation of the acute gallbladder rarely, if ever, occurs Our experience at the 
New York Hospital and that reported by othei clinics suggest that it is much 
more common than is generally accepted 

Johnstone and Ostendorph® found on review of 12,000 consecutive routine 
autopsies done at the Los Angeles Hospital from 1936 to 1942 a total of 32 
instances of perforation of the gallbladder as the principal cause of death This 
IS an incidence of o 26 per cent, or approximately one out of every 375 cases 
coming to autopsy This is the highest incidence of perforation that has been 
leported Nineteen, or 43 pei cent of these cases, were free perforations which 
without evidence of walling off had led to generalized peritonitis Almost 
two-thirds of these patients were 50 years of age or more They also found 
that there was a much higher proportion of male patients, 22, or 68 per cent of 
the patients, being men This is of suggested importance in the consideration 
of the cases reported above, because all but one of these patients developing 
acute cholecystitis following operation unassociated with the biliary tract, 
were men 

Green and Coe'^ report perforation of the gallbladder occurring twice in the 
same patient Cholecystostomy was done for the first perforation The second 
perforation was followed b)' death This was a free perforation of the gall- 
bladder with an estimated 100 cc of bile in the peritoneal cavity The site of 
perforation was adjacent to an old sinus communicating with the fundus of the 
gallbladder To all intents and purposes, therefore, it was a perforation at 
the same site, and in both instances the attacks were associated vnth pain 
radiating to the right shoulder as well as pain and tenderness in the right upper 
quadrant Both were rapidly progressive 

Acute cholecystitis may be unrecognized as a complication following sui- 
gical procedures The incidence of cholelithiasis in the population is rather 
large This is especially true of those patients who are over 50 years of age 
Our surgical armamentarium has resulted in an increase in the number of 
patients in the older age group who are daily operated upon throughout the 
country The onset of pain in the abdomen localizing in the right upper 
quadrant, usually associated with nausea and vomiting and accompanied by 
some elevation of temperature and leukocytosis, would seem sufficient to make 
this diagnosis relatively certain Of significance in evaluating the immediate 
situation IS the patient’s past history relative to biliary tract disease Indeed, 
the patient over 50 years of age who is to undergo a major surgical procedure 
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for a condition unrelated to the biliary tract should have a careful evaluation 
of his history to determine any symptoms referrable to this system If the 
history is suggestive of biliary tract disease, it is well to do a cholecystogram to 
determine the presence or absence of cholelithiasis and the capacity of the 
gallbladder to fill and concentrate the dye as well as its ability to empty. Then 
if a patient develops the symptoms of acute cholecystitis after operation it is 
less likely to be overlooked if stones are known to be present 

Once the diagnosis has been established, the therapy to be accorded the 
patient will be determined by a number of factors Our experience over the 
past 14 years at the New York Hospital justifies, it seems to us, early surgical 
therapy A patient who has been operated upon and who is suffering from 
acute cholecystitis as a complication may not in many instances be an ideal 
surgical risk It is to be expected that there will be many patients in whom 
cholecystectomy is contraindicated On the other hand, there can be no contra- 
indications to cholecystostomy done under local anesthesia This is a minimal 
procedure , it is also one which may be life-saving There are many patients, 
perhaps in the majority, who will recover from this attack Many patients 
will refuse a second operation, and there are those for whom the surgeon will 
be reluctant to recommend even a cholecystostomy for one reason or another 
In the relatively young patient the risk associated with non-surgical treatment 
IS, we feel, much less than m the older age group In those patients who are 
over 50 years of age the temperature, leukocyte count, and even the clinical 
picture frequently do not parallel the pathologic process which is taking place 
within the gallbladder It is in this group in particular that we feel early 
surgery is imperative 

If a cholecystostomy is done it should be followed in a matter of months, 
with the patient as well prepared as possible, by a cholecystectomy In this 
respect, the report of Green and Coe describing a patient who had an acute 
cholecystitis with perforation treated by cholecystostomy and who recovered 
and then years later experienced another episode of acute cholecystitis with 
perforation followed by death, is significant One of the patients listed above 
(F C — i^403668) developed an acute cholecystitis associated with a large 
stone impacted in the ampulla of the gallbladder eight years after cholecystos- 
toiny These two cases are evidence in favor of cholecystectomy being done 
within a reasonable period after the compromise procedure of cholecystostomy 

CONCLUSIONS 

Acute cholecystitis may occur after surgical procedures, especially in male 
patients who are over 50 years of age When it does the best interests of the 
patient require operation This may be cholecystectomy or cholecystostomy 
The procedure is determined by the patient’s condition It will frequently be 
found that cholecystectomy may be inadvisable and that only a cholecystostomy 
can be done This piocedure may, however, be life-saving Cholecystectomy 
should be done later , cholecystostomy is but a compromise procedure It is no 
insurance against future episodes of acute cholecystitis or accompanying per- 
foration that may well end fatally ^ 
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Discussion — Dr HENRi F Graham, Brooklyn, N Y I have had the pleasure 
of reading this paper in advance, so my discussion is a little prepared 

Dr Glenn’s theme seems to be (i) Acute cholecystitis is more apt to occur as a com- 
plication follow'ing operation for other conditions than its normal incidence as a primary 
disease (2) It is more apt to occur in elderly people past 50 and in males (3) He men- 
tions, as a possible explanation of its occurrence, dehjdration and medication w'hich de- 
creases secretion and causes concentration of thickened bile m the gallbladder which can- 
not easily be expelled upon food stimulation This is an interesting hypothesis but might 
be open to question in view' of the types of cases w’here operation has been follow'ed by 
acute cholecystitis I am convinced, however, that in many patients large doses of seda- 
tives do ha\e a deleterious effect (4) The diminished resistance of the gallbladder to 
pressure and infection following pre\ious disease ma> favor perforation It would be 
easy for each of us to prove this by a review' of his own records, and it w'ould not be 
w'lthout chagrin if w'e look up those cases we have forgotten 

I checked up on three cases One w'as a w'oman aged 56 w'ho had an operation for 
appendiceal abscess Sixteen days later she complained of pain around the waist line and 
had induration of the epigastrium and right upper quadrant The appendiceal w'ound 
showed thick yellow' pus A high temperature was thought to be due to sulfonamides 
The attack subsided after 12 days Tw'o weeks later she had another attack w'lth pain in 
the upper quadrant, tenderness and vomiting Empyema of the gallbladder was found at 
operation Another case w'as a man aged 45 who had suffered from epigastric pain for 
SIX months w'lth a loss of 40 pounds in W'eight On his third day in the hospital, while 
being studied preparatory to operation for duodenal ulcer, he had a sudden attack of pain 
in the low'cr abdomen follow'ing an enema The leukocyte count was 14,000 X-rajs were 
taken to visualize free air under the diaphragm and, finallj, after 24 hours delay, because 
of the confused picture a cholecvstostomv was performed for a perforated gallbladdei 
A physician, 72 years old, was under treatment for coronary thrombosis and acute 
diffuse nephritis After six weeks in the hospital he had pain in the gallbladder region 
He W'as observed for three weeks because of his poor condition Operation then dis- 
closed an empjema of the gallbladder w'lth a sealed-off perforation corered by omentum 
This paper should stimulate an increased aw’areness of acute cholecystitis complicat- 
ing other diseases and especialh follow'ing operation for other conditions 
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A CONSIDERATION OF PATHOLOGICAL FACTOHS 
INFLUENCING FIVE YEAR SURVIVAL IN RADICAL RESECTION 
OF THE LARGE BOWEL AND RECTUM FOR CARCINOMAn 

R K Gilchrist, M D , and Vernon C David, M D 

Chicago, 

FROM TUn PRnSB\TCRIAN HOSPITAL AND THE COLLEGE OF MEDICINE OF THE UNIVERSITT OF ILLINOIS 

This is a study of 200 patients operated upon more than five years ago 
for carcinoma of the large bowel where there was a reasonable chance of cure 
All of the surgical specimens \vere cleared and the lymph nodes were dissected 
under transillummation and the microscopically involved nodes were charted 
by a method reported to this society m 1938 ^ The specimens used m this 
analysis were not always consecutive due to the work involved in the study 
of each one but w'ere otherwnse unselected except that the specimens from all 
fatalities were included This results m somewhat higher mortality figures and 
lower five-year survival rates 

These 200 patients represent an operability rate of approximately 75 per 
cent Palliative resections for removal of tumor where known metastases 
could not be removed are not included in this group 

Table I 

200 CASES OF CARCINOMA OF THE COLON 



Per Cent 

125 had lymph node metastases 

62 5 

114 alive S to 10 years 

57 0 

19 postoperative (hospital) deaths 

9 5 

8 died 1 to S years — not carcinoma 

4 0 

7 incomplete follow-ups 

3 5 


There is need for accurate anatomic location of tumors wdien discussing 
treatment of carcinoma of the rectum The term “rectosigmoid junction” 
means different things to different surgeons It can be located fairly accurately 
on proctoscopic examination However, it is impossible to identify on a sur- 
gical specimen Roentgenologists often considei it a region two or three 
inches in length This study has demonstrated the very different prognosis, 
lecurrence, and moitality rate in different regions of the colon It seems to us 
that a new set of landmarks should be used We have designated those car- 
cinomas wdnch are partially or completely below the peritoneal reflection as 
“extraperitoneal carcinoma of the rectum” There were 112 of these Those 
lesions which are entirely covered by peritoneum, anteriorly, and which are 
below the promontory of the sacrum should be designated as “mtrapentoneal 
carcinoma of the rectum” There were 41 of these Fourteen were in the 
redundant loop of sigmoid above the piomontory of the sacrum (These last 
two-total of 55— will be grouped as one in this discussion as all findings 

Read before the American Surgical Association, March 25, 1947, Hot Springs Ya 
t Funds for this iinestigation were obtained from the Otho S A Sprague Alem’onal 
Institute Fund of the Presb>terian Hospital ^'^cmonai 
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were identical ) Fifteen were in the right colon, which included the cecum, 
ascending colon, hepatic flexure and the first three inches of the transverse 
colon Eighteen were in the left colon, which included all of the remainder 
of the colon to the redundant loop of the sigmoid 

One hundred and twelve tumors were partially or completely below the 
peritoneal reflection There were 12 postoperative deaths and four had no 
follow-up Only 26 of the 69 with node metastases were alive after five years 
(37 5 pel" cent), whereas 32 of the 43 without node metastases were alive five 
years (74 4 per cent) 


Table II 

112 EXTRAPERITONEAL RECTAL CARCINOMAS 

Per Cent 


58 alive 5 to 10 years 518 

12 postoperative deaths 10 7 

69 had lymph node metastases 61 9 

26/69 with node metastases alive 5 years 37 5 

32/43 without node metastases alive 5 years 74 4 


Of the 69 With node metastases, 30 or 43 5 per cent developed recurrent 
carcinoma in less than five years while only five or 1 1 6 per cent of the 43 
without involved nodes developed recurrent carcinoma 


Table III 


112 EXTRAPERITONEAL RECTAL CARCINOMAS 


Recurrence 

Local 

Liver 

Lung bone general 


69 With 

Node Metastases 
16 23 2% 

11 15 9% 

3 4 3% 


30 43 5% 


43 Without 
Node Metastases 
2 4 6% 

2 4 6% 

1 2 3% 


5 11 6% 


The incidence of local and liver recurrences in these low lying tumors is 
striking 

Fifty-five tumors were entirely above the peritoneal reflection Fourteen 
were m the sigmoid and 41 were below the promontory of the sacrum All 
findings were identical and these were grouped to save space The favorable 
prognosis m this group and especially in those without lymph node metastases 
(90 per cent), is striking 

Twenty-seven of the 55 patients had obstruction resections performed 
In many, the extrapentonealization of the resected area was done as described' 
by David ® In the more unfavorable cases, abdominoperineal resections were 
performed This probably accounts for the fact that the results with obstruc- 
tion resections were about the same as with the abdominoperineal resections 
18 I per cent of the 55 died of recurrence within five years, the recurrence 
rates being similar m the two types of operations The low incidence of 
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recurrence here contrasts sharply with the 43 5 per cent seen in tumors which 
are extraperitoneal 


Table IV 

55 INTRAPERITONEAL RECTAL AND SIGMOID CARCINOMAS 

Per Cent 


36 alive 5 years 65 4 

4 postoperative deaths 7 2 

3 deaths not due to carcinoma 5 5 

2 had no follow-ups 3 6 

35 had node metastases 63 3 

18 with node metastases alive 5 years 514 

20 had no node metastases 

18 without node metastases alive 5 years 90 0 

1 no follow-up 
1 postoperative death 
27 obstruction resections 

18 alive 5 years • 66 6 

16 had node metastases 

9 with node metastases alive 5 years 56 2 

2 postoperative deaths 
1 short follow-up 
11 without node metastases 

9 without node metastases alive 5 years 81 1 9 

1 postoperative death 
1 no follow-up 


Table V 

RECURRENCES IN 55 INTRAPERITONEAL TUMORS 


Local 

No Patients 

2 

Per Cent 

3 6 

Liver 

6 

10 9 

Lung or general 

2 

3 6 

Total 

10 

18 1 


Resections of the 33 patients with carcinoma proximal to the sigmoid colon 
uere done by several different surgeons Twenty-one had lymph node meta- 
stases (63 6 per cent) Twenty were alive five or more years (60 6 per cent) 
There were three uith carcinoma of the cecum and with metastases to nodes 
who died after operation (9 i per cent) One was lost to follow-up 

Fifteen were in the right colon, all had ileotransverse colon anastomoses at 
the time of resection Thirteen or 866 per cent of these had metastases to 
nodes and, in spite of three postoperative deaths and one lost to follow-up, 
nine uere known to be alive after five years (61 5 per cent) These operations 
were performed before the era of chemotherapy, therefore, the operative 
mortality in this group would be lower at this time 


Table VI 


15 TUMORS OF RIGHT COLON 
ALL WITH ILEOTRANSVERSE COLON ANASTOMOSES 


9 aln c 5 > ears 
13 had in\ oU ed nodes 
7 with inv oh ed nodes alive 5 years 
3 postoperative deaths 
1 had no follow-up 


Per Cent 
60 0 
86 6 
53 8 
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Eighteen tumors were in the transverse or descending colon oi at the 
splenic flexure Only eight had node metastases (44 4 per cent) This is the 
lowest incidence of involved nodes seen Five of these eight died of recur- 
rence within five years Only three of the eight lived five years (37 5 per 
cent) in contrast to 80 per cent of those without involved nodes All of these 
had obstruction resections There were no postoperative deaths and one was 
lost to follow'-up This suggests that resection in this area has been too 
conservative 


Tabll VII 

18 TUMORS or LCIT COLO'J 
\LI. OBSTRUCTION RESECTIONS 

Per Cent 


1 1 aU\e 5 icais 61 1 

8 had invoh ed nodes 44 4 

3 with intoKed nodes alive 5 jcars 37 5 

No postoperatu e deaths 

8/10 without nodes alive 5 years 80 0 


The surgeon gave a guarded prognosis at the time of resection because of 
grossly enlarged lymph nodes in 55 of the 200 cases This chart indicates 
the prognosis in those having palpably enlarged nodes w'hich are proven to 
have metastases on microscopic section 


Table VIlI 



55 OF 200 

GIVEV GUARDED PROGNOSIS DUE TO LARGE 

NODES 




Ah\e 

Died 

P Op 


Recurrences 


Deaths 

Total 

Location of Tumor 

5-10 Yr 

0 5 Yr 

Deaths 

Liter 

Local 

Gen 

Not Ca 

Patients 

Extraperitoneal 









With nodes 

5 

16 

3 

8 

6 

1 

2 

21 

Without nodes 

2 

I 





1 

3 

Below promontory 









With nodes 

6 

10 


5 

1 

3 

1 

16 

Without nodes 

6 







6 

Colon 









With nodes 

4 

5 

2 



2 


9 


23 

32 

5 

13 

7 

6 

4 

55 


Small scars (“giains of sand” nodules) w’^ere palpated in the liver in ii 
These were too small and indefinite to be considered metastases Eight lived 
five years One died postoperatively One developed a local recurrence and 
one died of diabetes wdiere there was no recurrence These small lesions are 
usually almost of one size and the occasional operator should not be influenced 
adversely when they are found 


Table IX 

POOR PROGNOSIS DUE TO SUSPICIOUS NODULES IN LIVER — 11 

8 alive 5 to 10 years 
3 died in less than S y ears 
1 postoperative death 
1 local recurrence 
1 diabetes not carcinoma 
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Thirty-five of the 200 patients required resection of all or pait of other 
structures because of firm fixation of the tumoi 


Tabll X 



35 CARCINOMAS REQUIRING RESECTION 





OF ALL OR 

PART or OTHER STRUCTURES 





No 

Well 

P Op 


Recurrence 


No 


Pts 

5-10 Yr 

Deaths 

Local 

Liver 

Gen 

Follow-Up 

Presactal fascia 

8 

3 

2 

3 




Abdominal wall 

4 

3 



1 



Ureter and bladder 

9 

2 

3 

1 

2 


1 

Vagina 

6 

3 

1 


1 

1 


Urethra and prostate 

3 

1 


2 




Uterus 

3 


1 

1 

1 



Bowel 

2 

2 







35 

14 

7 

7 

S 

1 

1 

Fourteen or 40 per cent of these patients 

were 

well five years 

This figuie 


would be higher today as seven or 20 per cent died postoperatively and this 
mortality would be favorably influenced by chemotherapy Wide excision of 
structures adherent to the tumor is justified by these findings 

Seven patients having carcinoma below the promontory of the sacrum had 
metastases to lymph nodes, distal to the tumor This occurs when there is 
lymphatic blockade This finding reemphasizes the necessity for extensive 
resection in those having enlarged nodes and large tumors 


Table XI 

RETROGRADE METASTASES TO LYMPH NODES 
IN CARCINOMA below SACRAL PROMONTORY 

2 With in\ olved nodes 3 5 to 5 cm below tumor 

2 with involved nodes 2 5 to 3 5 cm below tumor 

3 with inv olved nodes 1 0 to 2 5 cm below tumor 


One hundred and forty had abdominoperineal resections of the rectum 
Four of these were two-stage resections In two, resections of other structures 
made a mass of tissue too large to pull through the pelvic outlet in the male 
and in these the rectum was cut off just above the anus and the stump closed 
In all of these, there was an average of 55 3 nodes per specimen sectioned and 
studied microscopically One specimen contained 210 nodes, and six had 112 
or more nodes each Those having an obstruction resection of the sigmoid or 
intraperitoneal rectum averaged 41 6 nodes per specimen and one specimen 
contained 102 nodes Specimens from obstruction resection of the left colon 
averaged 40 2 nodes each and one had 69 nodes Specimens of the right colon 
obtained by resection and primary ileotransverse colon anastomosis averaged 
54 nodes each wuth one having 115 Seventy-tw^o of the 125 specimens having 
metastases to lymph nodes had four or less nodes involved per specimen 

In low lying carcinomas of the rectum, small high lying lymph nodes not 
uncommonly are found to contain metastases Figure i show's a specimen 
typical of such cases and serves to reemphasize the fact that the w'ldest possible 
resection of the mesentery is needed to give a chance of permanent cure 
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Fig 2 — A 58-year-old man who had had 
symptoms for two months The tumor was 5 
cm above the peritoneal reflection and it invohed 
40 per cent of the circumference of the bowel 
Abdominoperineal resection was performed The 
specimen contained 60 lymph nodes and 35 of these 
contained carcinoma metastases on microscopic sec- 
tion The nodes containing carcinoma are shown 
in solid black The size of nodes and the portion of 
each node replaced by tumor is indicated The tails 
represent lymph channels filled with carcinoma 
Such channels are almost never seen except where 
the nodes central to the involved channels are 
already heavily involved with carcinorpa, as in this 
specimen The patient had a fatal blood transfusion 
reaction in another hospital two months later Post- 
mortem failed to show any remaining carcinoma 
Retrograde metastases occurred 5 cm below this 
tumor 
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Table XV 

N’CW TUMORS (exclusive oe skim) 
Nodes at 




Operation 

Fohps, 

Location of New Tumor 

Died 

W'ell 

1 

Evtraperuoneal 


0 

Transverse colon 

7yr 


9 vr 

1 

TTan8% erse colon 


0 

Rectum 

3 vr 

5*4 \r 






Descending colon 

4 vr 


3 

Intrapentoneal 

0 

0 

Splenic flexure 

sHyt 

4 jr 

5 jr 

4 

Intrapentoneal 

0 


Descending colon 4}^ >r 








10 mo 


5 

Left colon 



Cecum 

7yr 

Syr 

S yr 

6 

Left colon 



Breast 

4 yr 

4)4 \r 


7 

Intrapentoneal 


0 

Common duct 

2 vr 

3yr 



The patient vith a pievious lesection, either with or without a colostomy, 
must be watched carefully or these new tumors may cause almost complete 
obstruction before they are discovered 

If ue exclude those patients who have died of other causes ^Mthout any 
sign of recuirent carcinoma and those who had no follow-up and those who 
died postoperatively, the prognosis would be 


Table XVI 


166 CASES OF CARCINOMA OF THE COLON 




% Mive 
5 Years 

114 

alvv e 5 j ears 

68 7 

58/89 

extrapentoneal rectal 

65 2 

36/48 

intrapentoneal rectal 

75 0 

9/11 

right colon 

82 8 

U/18 

left colon 

61 1 

54/100 with involved nodes 

S4 0 

60/66 

without involved nodes 

90 9 

26/53 

extrapentoneal with involved nodes 

49 1 

32/36 

extrapentoneal without mvolv ed nodes 

88 8 

18/30 

intrapentoneal with involved nodes 

60 0 

18/18 

intrapentoneal without involved nodes 

100 0 

7/9 

Tight colon with involved nodes 

77 7 

2/2 

right colon vvithout involved nodes 

100 0 

3/8 

left colon with involv’cd nodes 

37 5 

8/10 

left colon without involved nodes 

80 0 


The most stnkmg finding here is in those tumors of the transverse colon, 
splenic flexure, and descending colon where there were involved nodes All 
of these had obstruction resections and only three of the eight (37 5 pei cent) 
weie alive five yeais The videst possible lesection is indicated here rathei 
than the usual V-shaped wedge of mesentery resected The favorable piog- 
nosis (777 pel cent) seen in light colon lesions having involved nodes is 
undoubtedly due to the wade resection of mesentery (54 nodes pei specimen) 

perfoimed w^hen doing an ileotransveise colon resection and anastomosis 

» 

CONCLUSIONS 

In this stud) of 200 patients having resection foi carcinoma of the colon, 
theie was a 96 5 per cent five-) ear follow-up One huudied and fouiteen were 
know n to be alive fi^ e to ten > ears (57 per cent) In the studi of the surgically 
lemo^ed specimens, micioscopic sections were made of over 10,000 difteient 
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lymph nodes, carefully plotted as to location in relation to tumor and surgical 
landmarks A number of facts stand out 

The lymphatic spread of carcinoma of the colon is primarily embolic The 
nodes where the emboli lodge prevent further spread until the node is com- 
pletely overwhelmed by carcinoma Further embolic spread is through the 



Fig 3 — A 63-year-old man who had had symptoms for more than a year This 
carcinoma was biopsied 12 months before, but he had refused operation The tumor 
was ulcerating and it had penetrated all coats of the bowel Nodes were palpable m the 
hollow of the sacrum Sixty-two nodes were found m the surgical specimen, 43 of them 
showed metastases He died of a pulmonary embolus on the 8th postoperative day One 
hundred sixty retroperitoneal nodes were examined microscopically In spite of the 
extensive lymph node involvement, there were no metastases above the point of resection 
The one node involved was about i cm lateral to the widest point of resection along the 
levator am muscle 


collateral channels, each new node involved tending to make a longer and more 
difficult channel for a new embolus to travel Spread from one node to another 
does not seem to be common Thus, the finding of a group of involved nodes 
within the field removable by surgery does not mean that a case is hopeless 
However, it does indicate the need for the widest possible resection of lymph 
nodes draining the area of the carcinoma 

I In each of the regions of the bowel studied, patients in whom no lymph 
node metastases could be found in the surgical specimens had a five- to ten- 
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year survival rate of 78 5 per cent If those who were lost to follow-up and 
those who died postoperatively and of other causes aftei leaving the hospital 
were taken into account, this figure would be even more impressive (909 

per cent) 

41TT2 





Slightly involved node 


Resected Ixivyel 


Fig 4 — Seventy-two-year-old man who had had symptoms for foiti 
months The surgical specimen contained 46 lymph nodes Fourteen of 
these contained metastases He died of pneumonia The autopsy specimen 
contained 114 lymph nodes Four nodes above and one node just lateral to 
the field of resection contained metastases This is an example of metastasis 
laterally along the levator am muscle as well as upward along the superior 
hemorrhoidal artery In spite of a very large tumor, the lymphatic metastases 
were localized to an area which could have been resected 

2 Of the 125 having lymph node metastases, 56 lived five years (448 pei 
cent) However, this varied depending on the location of the carcinoma 
Those vith carcinoma of the middle and left colon and of the extrap eritoneal 
part of the rectum had a 37 5 per cent sur\ ival Those of the right colon had 
a 61 5 per cent sunuval and those of the sigmoid and intraperitoneal part 
of the rectum had a 51 4 per cent survival rate Se\eral factors contribute to 
tins difference In the extrapentoneal part of the rectum, 23 2 per cent 
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developed local recun ence and 159 per cent developed livei recurrences In 
the remainder of the bowel, local recurrences were not as easy to demonstrate 
since they do not cause symptoms early but they are obviously less frequent 
If this incidence of local recurrence were disregarded, the prognosis in the 
extraperitoneal part of the rectum would be as good as in am other part of 
the colon 



surgical specimen contained 35 nodes and se\en of these contained metastases 
He died of bronchopneumonia One hundred eleven nodes were studied 
in the postmortem preparation , four contained carcinoma The highest meta- 
stasis was in a node found at the junction of the inferior mesenteric artery 
and aorta 

3 The 37 5 per cent survival rate of those having carcinoma of the left 
side of the colon when node metastases are present indicates the need foi 
wider resection of mesentery in this area 

4 Resection of fixed tumors and the structures to which they are adherent 
give a better prognosis than might be expected, a 40 per cent five-year sui- 
vival Twenty per cent died postoperatively This figure will be much im- 
proved when chemothei ap}' is used 

5 Retrograde metastases to nodes one to five centimeters below the tumoi 
occurred in seven of the 153 tumors below the promontory of the sacrum 
(4 6 per cent) 
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Fig 6 — A 66-} ear-old fat man He had had a known coronarj throm- 
bosis ten months before The lesion %\as one inch above the peritoneal 
reflection It was the size of a fist and there was a mass of nodes extending to 
the promontory of the sacrum A Da\id tj^pe of obstruction resection w'as per- 
formed He died 14 dajs after surgerj of m3ocardial failure One hundred 
sixt} -eight nodes were found in the postmortem preparation The one involved 
node was less than i cm be\ond the line of resection 
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6 The liver was the site of recun ences in lo per cent to 15 9 pei cent of 
the tumors These ere probably due to blood borne metastases and bear out 
the figure of 15 pei cent blood vessel involvement reported by Coller 

7 When small “gram of sand” nodules of a uniform size are found in the 
hvei , the operatoi should not give too pessimistic a prognosis as most of these 
aie scars 



Fig 7 — Photomici ograph of the entire amount of carcinoma 
metastasis found in the one node which was not lemoved m the 
surgical specimen 

8 Two of three patients who developed carcinoma of the rectum while 
pregnant lived ovei five yeais This suggests that the gloomy prognosis given 
pregnant women ivith neoplasms may not be justified m carcinoma of the 
rectum 

9 Postmortem examination of those djnng in the hospital after resection 
for carcinoma of the rectum showed that the ordinary postmortem examina- 
tion wall usually fail to demonstrate small metastases in the remaining retro- 
peritoneal lymph nodes Four of ii w’ho had postmortems w^ere found to have 
metastases to nodes in the retroperitoneal tissues In thiee of these, complete 
removal of all node metastases would have been obtained if the field of resec- 
tion had been i 5 cm wider 

10 It IS interesting to speculate on the fate of the cancer cells left in these 
nodes (nine) had the patient lived In some, inflammation might have resulted 
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either in death of the cells or fixation in heav} fibrous tissue It is not unlikely 
that such metastases in lymph nodes missed at operation finally grow They 
might grow to great size without giving symptoms We have sections of the 
blood vessels supplying lymph nodes being invaded by cancer Possibly emboli 
from such a source might be responsible for the sudden appearance of multiple 
metastases many years after resection of the primary growth 

11 New carcinomas developed m seven patients who had had resections. 
This does not include carcinoma of the skin In some, the diagnosis was 
not made for several months after symptoms appeared Patients who have had 
one cancer of the colon should be reexamined carefully whenever any symp- 
toms suggesting carcinoma appear 

12 In evaluating the type of procedure used m ti eating caicinoma, the 
survival rate is important Of those who died of recurrence in less than five 
years, two-thirds occurred within three years and one-third between three and 
five years Six of those listed as five-year cures developed recurrences and 
were dead or dying m less than seven yeais In view of the appreciable per- 
centage who develop recurrence m the fourth and fifth year aftei operation, 
It seems foolish to consider anything less than a five-year survival as a cure 
Such short term survivals should not be included m discussions since they lead 
the general practitionei to false conclusions 

Finally, this study indicates the need for the widest possible resection in 
carcinoma of the colon Lesions which are partially or completely below the 
peritoneal leflection have a high incidence of local and liver recurrence and 
pull through or sleeve resections are not much better than a local resection 
The Miles operation seems to give the best chance of cure here 

As far as lesions within the peritoneal cavity are concerned, we have per- 
foimed obstruction resections on several that could be palpated when doing a 
lectal examination This is justified if not only the bowel wall but the blood 
vessels and lymph bearing tissue are resected at least one and a half to two 
inches below the lesion as well as to a point just distal to the first sigmoid 
artery , this is a point about one and a half to two inches above the promontory 
of the sacrum If this is not done, involved nodes will be missed The David 
extraperitoneal procedure will allow for such a resection in many If, after 
such an extensive resection of mesenter}’- there is still an adequate blood supply 
to the distal loop, we will not object to end to end anastomosis The point of 
the discussion about end to end anastomosis is missed, it seems to us It 
should be, “Can you remove all of the cancer^” and not, “Can you sew two 
ends of bowel together^” Obviously, in those mtraperitoneal lesions below the 
promontory of the sacrum which are large or have palpably enlarged nodes 
the abdominoperineal resection will give a greater chance of cure 
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Discussion — Dr Fred W Rankin, Lexington, Ky Dr David and Dr Gilchrist 
deseive great commendation for this enormously important piece of work on the lymphatic 
spiead of rectal cancer It is an extension of earlier work done by them and, subse- 
quentlv, corroborated by other workers m this country and abroad No one, so far as I 
know, has ever done such a meticulously painstaking pathologic examination of post- 
operative specimens as they have, and I think that their demonstration that the more 
glands one examines, the more often their extension is demonstrated, is of far-reaching 
significance This contribution likewise buttresses the epic work of Miles published at the 
turn of the century and more strongly than ever emphasizes a number of basic points 
dealing with the spread of cancer and directlv bearing upon the type of operation indi- 
cated foi eradication of rectal malignancy 

1 They show conclusively that it is essential to examine a large number ot glands in 
anv operative specimen, and they have developed a method of examination which is unique 
and useful Their average of 55 glands per specimen is far above that of most pathologists 

2 They mdirecth emphasize the grade of the growth as a good yardstick wherebj 
one measures the prognosis It has likewise been mj experience that the longevitv is m 
direct ratio to the giade of the growth and, consequently, the lower the grade, the less 
likely early metastasis, and the higher the grade, the more likely earlv metastasis 

3 They clearly demonstrate that radical extirpation of rectal malignancy with a 
widespread removal of gland-bearing tissue gives the highest percentage of long time free- 
dom from recurrence Even wlien there is no involvement about one-half of their patients 
have Iwed five years free from return This fundamental fact, which has long been applied 
in surgery of the breast and elsewhere, is particularly applicable in surgery for rectal 
cancer, since the prognosis here is so obviously superior to that of cancer elsewhere in 
the gastrointestinal tract 

It would seem unnecessary to point out that any operation which is predicated upon 
any other thesis than the widespread dissection of gland-bearing areas with the growth 
IS excessively vulnerable In operations for cancer of the rectum mv own choice has been 
for the past fifteen years the one-stage combined abdommo-permeal resection after the 
technic of Miles 

Increasingly better prepaiatory measures, a more thorough understanding of a bal- 
anced physiologic equilibrium, and more meticulous attention to technical details have 
widely extended the scope of this operation In a recent review of 167 cases of mj own 
done between 1934 and 1941, and whose postoperative ages therefore run from seven to 
13 years, I have found 55 per cent of them alive and free from recurrence as of this date 
The operative mortality in this group was 53 per cent and the resectabilitv rate was 
74 per cent It is interesting to note two other cases wdnch I have seen m my service m 
the last year with recurrences in the posterior vaginal wall following the Miles’ operation 
one of these cases done by me and one done by another member of this Association three 
and four years ago respectively This evidence that there is a downward spread of lym- 
phatics through which cancer occasionally metastasizes is definite, I think, and although 
It IS a small group, it has a direct bearing on the prognosis Moreover, it is geneialh 
recognized that lateral spread into the ischiorectal fossa occurs in a reallv larger group 
of cases, and this, I think, necessitates a widespread removal of the levator muscles 
Most important, however, the greatest spread of rectal cancer is upward into the mesen- 
tery of the sigmoid and these tissues may be removed radically only by some operation 
vv hich includes a colostomy 

The recent rediscovery of the pull-through operation and the great emphasis placed 
bv some surgeons on technical procedures which decry the sacrifice of the sphincter c 
mechanism of the rectum make it important, I think, that experienced surgeons point out 
again and again the limitations of such types of operations in the vast majority of cases 
Technically the operation is not difficult, but that actually is hardly the important consid- 
eration Actuallj, one must ask of any operation for cancer how many patients are alive 
following It at any given time? That is the true test of a surgical procedure For my 
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own part, I agree with David and Gilchrist that the sphincter-saving operations are little 
more than local excisions for all cancers situated below the peritoneum 

I had thought that the question of colostomjr had been settled definitely 20 years ago, 
but apparently a new generation insists on a re-evploration of an already discredited, field 
It seems to me of utmost importance that the limits of operation be extended as widely 
as possible and that local attachment and metastasis do not always preclude resection, for 
only by radical and courageous surgery will the horizon of curability 111 cancer of the 
rectum be extended 

Dr TnoiiAs E Joni s, Cleveland, Ohio I merely want to call attention to one fig- 
ure in Dr Gilchrist’s statistics, namely, that 22 per cent of these cases with lesions in the 
ampulla had local recurrence Miles went to this operation primarily for that reason, 
because of the tremendous number of local recurrences m the perineum which followed 
previous lesser procedures This figure of 22 per cent would seem a little high but it 
proves further that radicalism is necessary and that revival of the pull-through operations 
and low anastomosis will be short-lived ^ 

Dr Richard B Cattfll, Boston, Mass This report of Drs David and Gilchrist, 
together with their previous studies, has added a great deal to our knowledge of lymphatic 
spread of carcinoma of the colon and rectum Their method of clearing their operative 
specimens for demonstration of all nodes is the most accurate method of determining the 
extent of lymph node involvement It should be pointed out that this information m the 
individual case is not available at the time the surgeon makes the decision regarding the 
extent of the resection This must be based on the operative findings 

In a review of 114 patients with carcinoma of the rectum operated upon at the Lahey 
Clinic in 1945, we found a preponderance of cases with extensive involvement Only '39 
had the lesion confined to its primary site Regional nodes were involved m 24 Local 
extension occurred in ii, while 14 had direct invasion of other organs, not including 26 
who had liver metastases We were unable to determine by operative exploration the 
extent of the spread Because of this experience we believe that abdomino-penneal resec- 
tion IS necessary to offer the greatest chance for cure 

In a previous study of five-year results, we found that 80 per cent were free of recur- 
rence when there was no spread, while if lymph node involvement was found, this figure 
dropped to 30 per cent If blood vessel invasion could be demonstrated, the five-year 
surMval rate was 15 per cent 

Dr Colcock, of our surgical staff, has recently completed a ten-year follow-up study 
of patients having resection for carcinoma of the rectum When lymph nodes were not 
involved, 60 per cent survived five years and 51 8 per cent survived ten years, yet when 
lymph nodes were involved, 30 2 per cent survived five years and 23 2 per cent survived 
ten years 

We are confronted with the fact that the majority of patients who have cancer 01 
the rectum have extension of their disease beyond the primary site We must not lose 
sight of this fact m planning our operative procedure The best results should follow the 
most radical procedure, that of abdomino-penneal resection 

Dr Owen H Wangensteen, Minneapolis, Minn Inasmuch as President Churchill 
has asked whether there is an5'one here to speak for the more conser\ative operation in 
which continuity is re-established, I come forward only in response to that request In 
doing so, I admit freelv that, m low-lymg rectal lesions less than 6 cm from the external 
anal orifice, the sphincter-saving operation should not be done A.nd especially in large 
ampullarj lesions in juxtaposition to the le^ators, the conservative operation is out of 
order— a confession that I have made already elsewhere (Surg Gjn 5 . Obst 81 r 194-) 

You can overdo anj thing— C4 en a good thing such as the abdomino-penneal’ opera- 
tion' I ha^e no quarrel with the thesis that, from the point of Mew of curing cancer of 
the rectum, there is no operation superior to the abdomino-penneal operation Howe\er 
It IS not a light matter to deprne a man of his lectal sphincter It is perhaps an advice 
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more easily given than accepted Moreover, surgeons cannot make a sphincter and one 
cannot be bought in any market at any price Continence of feces without the internal 
sphincter of the rectum does not exist and operations which destroy or remove the in- 
ternal sphincter fail to preserve continence 

The difficulty of the matter is, we are all such poor prophets If one could only 
know with assurance that he is not depriving his patient of his rectal sphincter unnec- 
essarily or, on the other hand, that sacrifice of the rectal sphincter is mandatory to cure 
the cancer — if these unknowns could be resolved, then a surgeon could alwaj s choose the 
right operation Dr Gilchrist states that he has had a local recurrence incidence of 22 
per cent in the abdomino-penneal operation for rectal cancer And this, of course, is the 
experience of all surgeons in operating for cancer There is no one operation that will 
cure all cancers What our local recurrence incidence has been in the 60 to 70 patients 
upon whom we have performed the more conservative operation, we do not yet know 
Despite the circumstance that I have a number of patients who are well without evidence 
of recurrence after excision of lesions lying 4 to 6 cm from the anal orifice, nevertheless 
I have learned the bitter lesson that it is unwise to attempt to salvage the sphincters in 
such low-lying lesions If one does so, he compromises on the cure of the cancer With 
reference to lesions in the rectosigmoid, however, I have the impression that as satisfac- 
tory an operation for cancer can be done for lesions here with restoration of continuity 
as with the more radical abdomino-penneal operation 

Surgeons should be consistent, though Emerson once said that “consistenc}' is the 
hobgoblin of small minds ” Those who affect to believe in the wisdom of excising greater 
lengths of intestinal segments as well as wider excision of lymphatic areas of spread 
should not be advocating the exteriorization operation for cancer of the colon My asso- 
ciate, David State, has recently suggested m doing the Miles operation for cancer of the 
rectum in patients exhibiting lymph node involvement near the origin of the inferior 
mesenteric artery, that the mesentery of the entire left colon be excised, establishing the 
colostomy in the transverse colon In cancers of the descending colon, more often than 
not, I mobilize both the splenic and the sigmoid flexures and anastomose the transverse 
to the pelvic colon On a few occasions, because of the extent of lymph node involve- 
ment, I have excised the right colon as well, anastomosing the ileum end-to-end to the 
terminal pelvic colon I have been led to do this in seeing patients with recurrent cancer 
around the left ureter and even the aorta a few years after local excision of lesions m the 
descending colon Certainly, such a lesion should not be treated by the exteriorization 
operation 

In conclusion, I would suggest that, a tempered ambition to save the rectal sphincter 
as well as to cure the cancer, is a praiseworthy objective in suitable cases of cancer of 
the upper rectal ampulla and most, if not all, removable cancers of the rectosigmoid 

Dr Leo Eloesser, San Francisco, California Just a small voice from the wilderness 
I am inclined to disagree with both Dr Gilchrist and Dr Wangensteen on one point, viz , 
I think one has to consider not only how long one’s patients are going to live, but how 
they are going to live There is little doubt that an abdomino-penneal excision with per- 
manent colostomy may assure a maximum percentage of freedom from recurrence m low- 
lying cancer of the rectum However, I think that some of us might be inclined to forego 
this maximum and accept a 10 per cent or so of risk — a risk of living a few less years 
with a normally functioning anal sphincter, instead of eking out a few more years of life 
embarrassed by colostomy 

Dr R Kennedy Gilchrist, Chicago, 111 (closing) The most interesting fact in 
this study has been the percentage who had five-year survival even in the days before 
chemotherapy As our studies progressed, we have become more and more radical m our 
resection of the lymphatics draining the carcinoma, and I feel certain that a study of 
those cases done in the last five years will show an even more favorable percentage of 
five-year cures 
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The TREATMENr or malignant lesions of the large bowel presents a 
multitude of problems about which there is no unanimity of opinion Surgeons 
aie not agreed on what constitutes operability, whether radical operation 
should be done in the presence of major metastases, the advantages of a one- 
stage over a t\\ o-stage operation , aseptic versus open anastomosis, or various 
modifications of the Mikulicz operation versus end-to-end oi end-to-side 
anastomosis 

The well known caution of our profession has often led us to be slow in 
adopting concepts and procedures which may have much to commend them 
Brunschwig^ has recently summarized the concept of radical surgery as fol- 
lows "The advocacy of a more ladical surgical attitude m regard to advanced 
abdominal cancer is not to be interpreted as justification for indiscriminate 
radical operations In appreciably extending radical surgery, proper selection 
of patients is of utmost importance By persistent and concerted efforts in 
these directions, surgeons will contribute in their field to the general advance 
in the cancer problem ” With this statement we agree With its acceptance 
many lesions which have previously been considered inoperable become 
operable 

The answer to many of the problems which confront the suigeon interested 
in malignancy of the colon is not to be found in statistical analysis alone, 
howevei useful this tool may be when used within its limitations Operability 
will vary with the skill and boldness of the surgeon , the method of operation 
frequently varies with training and experience Both may be influenced by 
attention focused upon the immediate moitahty rather than upon the five and 
ten year cures, ho\\ ever few they may be 

We propose to present a few adjuvants to surgical therapy which we and 
others have found to be useful 

ANEMIA AND HYPOPROTEINEMIA 

Anemia is frequently observ^ed in association with neoplasms of the large 
bowel It IS seen in the most advanced t} pe in certain instances of large bowel 
polyposis and in cancer of the cecum and ascending colon In the latter site it 
may be so severe as to simulate pernicious anemia 

Many of these patients are also in poor nutr itional condition, a circum- 
Read before the American Surgical Association, March 25, 1947, Hot Springs, Va 
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stance brought about by an inadequate intake of foodstuffs and at times by 
an exorbitant loss of protein in the stool during periods of diarrhea Thus 
malnutrition and anemia are often found to exist in the same patient (Fig i) 
When hypoproteinemia and anemia are present, the circumstance is a 
complex one George Whipple- has described this state as follows “We 
believed that in a dog. both anemic and plasma depleted, we could influence 
the protein flow toward hemoglobin by one food factor or toward plasma pro- 
tein by another food To our surjirise we observed that sucb dogs 

Dnrr-in and Htipoproteinemto. 
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Fig I — Coexisting anemia and hypoproteinemia corrected by transfusions and diet 


(hemoglobin and plasma protein deficient) always produce more hemoglobin 
than plasma protein no matter what diet protein is used Hemoglobin 

in its production may draw on the plasma protein but hemoglobin stands apai t 
in the protein economy and does not contribute freely to the protein pool The 
body guards jealously the fabrication of hemoglobin and given a real need for 
both plasma protein and hemoglobin the protein flow favors hemoglobin, 
which under these circumstances is produced in more abundance than the 
plasma protein ” 

Every possible effort should be made to correct an existing anemia in 
protein deficient patients in whom attempts are being made to correct the 
protein deficiency Patients presenting both anemia and hypoproteinemia 
should be transfused vigorously prior to operation This was repeatedly 
demonstrated m patients during World War II Dependence for the correc- 
tion of the nutritional defect could not be placed on diet, minerals or small 
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tiansfusions, for even under these circumstances the protein and mineials 
ingested vent first to provide the components necessary for the synthesis of 
hemoglobin and not to replace the depleted stores of body and plasma protein 
We*^ have shown, as have others, that the hypoproteinemic dog is more 
susceptible to hemorrhagic shock than is the normally nourished dog, and no 
one w^ould question the increased susceptibility of the undernourished patient 
to traumatic or hemorrhagic shock (Fig 2) The anemic patient is likewnse 

The Loss of Blood. Necessart^ to Reduce the 
Blood Pressure helov) 60 mm Mercurq 
for Thirtzj Minutes 

Mormal 



Fig 2 —The loss of blood necessary to reduce the blood pressure below 
60 0 mm of mercurj for 30 minutes m hj poproteinemic dogs and dogs with 
normal serum protein levels 


more susceptible to shock from trauma or blood loss Furthermore, the 
nutntionally deficient patient is more susceptible to faulty wound healing, 
wound infection and exaggerated edema following trauma at sites of anasto- 
mosis In piotein deficient patients improved protein nutrition has been 
shown by CannoiT' to increase antibody formation and the production of 
pbagoc}tes, thus strengthening two biologic factors which assist in the control 
of invasive infection Cannon and his associates^ have called attention to the 
fact that in seveie inanition the cellular tissues which supph phagoc3Tes in 
large numbers undergo ati oph) 


VITAMIN'S 

Thiamin niacin and riboflavin are concerned with the intermediate met- 
abolism of carbohydrate"- and riboflavin is also concerned with the utiliza- 
tion of ammo acids " 
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The more or less general adoption of oral chemotherapy prior to bowel 
resection has been most helpful, but is attended by some risks unless the col- 
lateral efifects of such therapy are more generally understood 

The drugs of the sulfonamide class, when given orally, demand an increase 
m the intake of certain vitamins Sulfasuxidme is now widely used m the 
preparation of patients for resection of the colon, but it must always be remem- 
bered that within four to six days after such therapy is begun the thiamin 



Fig 3 — Miller- Abbott tube passed through the small intestine prior 
to resection of the colon 


output in the feces will reach a zero level unless the thiamin intake in the 
diet is greatly augmented ® 

The physiologic requirements of certain vitamins are met in large part by 
the absorption of vitamins synthesized in the bowel as the result of bacterial 
metabolism The chemotherapeutic agent, be it a sulfonamide or an anti- 
biotic, reduces to a variable degree the bacterial growth, but the effectiveness 
in such action is attended with a reduction in the intestinal vitamin synthesis 
Oral sulfonamide therapy may result in a definite reduction in the synthesis of 
vitamin K m the intestine with a resulting hypoprothrombmemia^^’ and 
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hemorrhage at the suture line Oral streptomycin therapy would similarly 
effect the bacterial synthesis of vitamin K 

LONG TUBE DECOMPRESSION 

In 1940 William Osier Abbott and one of us^^ reported our early experi- 
ence on the use of the Miller-Abbott tube as a means of facilitating a one stage 
resection and anastomosis of the right colon (Fig 3) The method has also 
been favorably reported upon by Allen Whipple^"^ and by Newton and 
Blodgett Our experience with its use in resections of the right colon was so 
satisfactory that two stage resections of the right colon have not been done in 
our clinic since 1938 

We have since extended its use to the preparation of patients with lesions 
in the more distal segments of the large bowel The tube does not always go 
through the ileocecal valve but it frequently does, and in our hands at least 
has frequently obviated the necessity of a proximal colostomy, except where 
acute obstruction or marked chronic obstruction was present 

The tube is passed 48 hours before the contemplated operation, and its 
position IS checked at intervals by fluoroscopic study Feeding and chemother- 
apy are continued during this period The tube remains in the bowel after 
operation until the patient’s intestinal functions have returned to normal Its 
use in our hands has contributed to a reduction in the over -all mortality 

CHEMOTHERAPY 

The use of oral sulfonamides, especially sulfasuxidine and sulfathalidine, in 
the pre-operative period prior to bowel resection is now more or less generally 
accepted These drugs have been useful m reducing the total bacterial popula- 
tion, but their action on the intestinal bacteria is highly selective and in the 
occasional patient the usual, or even larger, doses are without any marked 
effect 

More recently we have used streptomycin in these patients This antibiotic 
IS effective, m part at least, against all of the common intestinal pathogens 
When given by mouth in a dosage of o 25 Gm every six hours the feces are 


Tablc I 

EFFECT OF STREFTOMYCIN AND SUCCINYLSULFATHIAZOEE 
ON THE NUMBER OF B COU PER GRAM OF FECES 

After 8 Days 
m 8S% of 

Agent Before After 8 Days Patients 

Streptomycin 74,836,060 000 418 000 262 

Succinylsiilfathiazole 23,700 000,000 150,000 000 98 857 

free of the Sfieptococcus jecabs in eight days, and there results a marked 
reduction m the coliform group and the anaerobic organisms of the Welchii 
type (Tables I, II and III and Figures 4 and 5) We are now studying the 
effect of 5 o Gm daily to determine whether bacterial control is achieved in 
a shorter period of time 


443 



RAVDIN, ZINTEL AND BENDER 


Vnn Us of ^iirgerj 
October 1947 


In nearly eveiy one of the earlier reported senes of resections of the 
colon, the mortality from peritonitis was approximately 50 per cent Chemo- 
therapy by any method now known does not provide sterilization of the feces, 
but It usually does produce a marked reduction m the bacterial count of the 
pathogens 

In the immediate postoperative period w^e have administered penicillin 



Fig 4 — Relative effect of streptomycin and succinylsulfathiazole on the 
number of Streptococcus fecalis organisms per gram of feces 


and streptomycin m a further effort to prevent serious peritonitis Data soon 
to be reported by Zinsser and Zmteff® have showui these two antibiotics to be 
useful in preventing spreading peritonitis following peritoneal soiling 

DISCUSSION 

Even though a clean bowel and an empty bow'el w^as not obtained by the 
adjuvants described m this paper, minor fecal contamination of the peri- 
toneum at operation did not prove serious and peritonitis has not been the 
cause of a single death m the year 1946 during which time 53 colon resections 
were done, 40 m one stage (Table IV) Eighteen of the latter w^ere performed 
by the open method Prior to the adoption of the complete program as 
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described total resectability for colon cancel was 64 5 per cent During the 
year 1946 total resectability was 73 6 per cent The mean operative mortality 
for all operations on the colon, including perforation and obstruction, from 
1923 to 1938 was 184 per cent, and since 1938 when we began the use of a 
definite portion of the program, the mean mortality has been 3 6 per cent 


Table II 


nrFECT or streptomycin and succin^lsulfathiazole on the 
NUMBER OF STREPTOCOCCI FECALIS PER CRAM OF FECES 


Agent 

Before 

After 8 Days 

After 8 Days 
in 85% of 
Patients 

Streptomycin 

900 500 000 

77 200 

0 

Succmy Isulfathiazole 

769 000 000 

174 500 000 

141 157 833 

EFFECT OF 

Table III 

STREPTOMYCIN AND SUCClNYLSULrATHIAZOLE ON THE 

NUMBER 

or CLOSTRIDIAL ORGANISMS 

PER GRAM OF FECrS 


Agent 

Before 

After 8 Days 

After 8 Days 
in 85% of 
Patients 

Streptomyan 

33 030 000 

539 900 

200 

Succinylsulfathiazole 

IS 090 000 

1 047 000 

71 218 


Table IV 

MALIGNANT LESIONS OT THE COLON 



JANUARY 1 1946 TO DECEMBER 31 1946 


Resections of the colon 

53 


One stage 

40 

(74 1%) 

Open anastomosis 

18 

(33 96%) 

Mortality entire group 

3 

8% 


One death open anastomosis 


(Table IV) In only two years prior to 1938 was the mortality ever as low 
as it has been m any year since 1938 

Resection with end-to-end anastomosis is supplanting Mikulicz types of 
resection in our clinic One-stage procedures have entirely supplanted multi- 
stage operations except in the presence of perforation or obstruction 

Nothing we have mentioned replaces the gentle handling of the bowel, the 
greatest care m the conservation of blood supply, the prevention of major 
soiling and the careful approximation of the bowel edges But when all of 
these have been done, a number of patients will lose their lives from peritonitis 
from one cause or another The adjuvants here reported have permitted a 
larger number of one stage in place of multistage operations reducing the risk 
of secondary anesthetization, and they have led to a more rapid recovery and 
a shorter period of disability and hospitalization in a larger number of patients 
They have led to a substantial reduction in the mortality following operations 
on the colon and have, we believe, played an important part m the very 
marked reduction m the incidence of fatal peritonitis following resection of 
the large bowel 
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Rudolph N Schulunger, M D 
Nlav York, N Y 

The PRESCNi siudy or acute appendicitis mortality at Presbyterian 
Hospital, New York, is a continuation of a previous report, and now com- 
prises a 30-year period The fact that 1946 marked the 60th anniversary of 
the first successful appendicectomy performed in this country (Richard Hall-*’ 
at Roosevelt Hospital, N Y , on May 8, 1886) made it seem timely to give 
pause and review our own results in the tieatment of this surgical disease 
In addition, such a study serves as a good yardstick in evaluating the work 
and ability of a large hospital staff Since 1936 our records also include all 
rases of acute appendicitis at Babies Hospital, together with those that occa- 
sionally develop in Sloane Hospital for Women, the Squier Urological Clinic, 
and the Neurological Institute 

During this span of years thei e have been many attending staff members, 
interns, house surgeons, fellows, residents and assistant residents For this 
reason, the results and remarks, herewith presented, are not comparable to 
those of individual senes, or of small groups of well trained experienced, 
skillful surgeons 

It IS proposed to present our mortality charts with appropriate comments, 
together with a brief discussion of the fatalities 111 each subgroup during the 
last five-year period (war 3^eais), to make a few' general remarks, to offer 
some practical suggestions in operative therapy, and finally to submit a plan 
for further reduction of appendicitis mortality, at this institution 

The classification of our cases has followed the nomenclature m our 
previous report so as to lend continuity to the present study and therefore the 
descriptive pathology of each subgroup need not be repeated here With few 
exceptions,** the basis of our classification rests chiefly on the gross operative 
findings This is quite important, because, if, for instance, a patient discloses 
an acute local peritonitis at operation, and subsequently dies of a generalized 
fibrmopui ulent peritonitis, the death is placed in the former category where it 
will arouse greater attention and scrutiny It is useful, too, in evaluating and 
interpreting end results Classification of acute appendicitis on a time basis 
seems unsatisfactory because this disease does not progress at a steady 
even pace 

Many large clinics and hospitals follow' a classification of their own choos- 
ing so that it IS quite difficult to make relevant comparisons Sometimes the 
use of the same descriptive term will reveal considerable differences m the 

* Read before the American Surgical Association, March 25, 1947, Hot Springs, Va 

■^*A few deaths are included in this series where patients were so moribund that 
operation was entirely out of the question 
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interpretation of the patholog} applied to it Comparative figures, therefore, 
have not been extensively employed m this report 

The accuracy of any classification, dealing with acute appendicitis is open 
to criticism, and the reader may justly challenge the correctness of our find- 
ings There are at least three factors of error In the first place, many 
observers have pointed out that a classification, such as ours, is not feasible 
if the operation is properly executed Secondly, there are many instances of 
transition from one pathologic subgroup to a succeeding one, so that a surgeon 

Fig 1 
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Fig I — G""’ ‘ tal annual death rate from 1916 to 1945, inclusive, in 5405 

cases of acute ■ its associated lesions Total number of deaths 193 , total 

mortality rate, 3 55 per cent Mortality rate for 1945 was 0 43 per cent 

Fig 2 — Graph for comparison vith that in Figure i, showing the total progressive 
fi\e->ear average death rate from 1916 to 1945. inclusive, for all cases of acute appen- 
dicitis with Its associated lesions Mortalitv rate for 1941 to 1946 was i 37 per cent 


might assign a given case to subgroup A, whilst another operator coiifionted 
with similai findings, might place it m subgroup B Lastly, each case historv 
IS subject to interpretation and classification b> the present writer, although, 
in doubtful instances, an effort is made to consult the operating surgeon It is 
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acknowledged, therefore, that the various subgroups may be slightly inaccu- 
rate Nevertheless, the total mortality figures (the sum of all subgroups) can 
be accepted as reasonably accurate 

Not only will the annual mortality curves be shown, but the corresponding 
progressive five-year averages in addition The latter are considered impor- 
tant because they eliminate the factor of annual fluctuation, thus providing a 
measure of predictability and an indication of certain trends 

ACUTE APPENDICITIS AND ITS ASSOCIATED LESIONS ALL CASES 

From 1916 to 1946 there were 5,405 cases of which 193 died The total 
death rate was 3 55 per cent The annual death rate (Fig i) shows consid- 
erable fluctuation but there is a definite downward trend, with 1945 showing 


Table I 


TOTAL MORTALITY RATES ALL CASES OF ACUTE APPENDICITIS AND ASSOCIATED LESIONS REPORTED IN LITERATURE 


Year of 
Publication 

Author 

Place 

Penod 

Studied 

No of 
Cases 

Mortahtj 
per cent 

1938 

RayO 

New York Hospital N Y 

1932-1937 

886 

2 

1 

1938 

Turner*? 

London Hospital and Royal Victoria 

1933-1937 

7329 

4 

07 

1939 

Smith*® 

Hospital Newcastle on Tyne 

St Luke s Hospital N Y 

1929-1937 

793 

3 

2 

1940 

Bower® 

Philadelphia Hospitals Pa 

1928-1937 

22 873 

4 

15 

1940 

Morse and Rader** 

Jewish Hospital Brooklyn N Y 

1915-1934 

8727 

2 

15 

1940 

Reid and Montanus** 

Cincinnati General Hospital Ohio 

1934-1938 

921 

S 

97 

1940 

Stafford and Sprang** 

Johns Hopkins Hospital Md 

1931-1939 

1317 

3 

6 

1940 

Young** 

Anderson City Hospital South Carolina 

1923-1939 

3611 

3 

04 

1941 

Aud* 

Nine Louisville Hospitals Kentucky 

1939 

1161 

3 

9 

1941 

Boyce and Nelson* 

Chanty Hospital La 

1930-1941 

4963 

5 

1 

1941 

Nassau, Lorry and 

Frankford Hospital Pa 

1904-1939 

3450 

4 

2 

1941 

Pulaski*' 

Rumbold** 

Genesee Hospital N Y 

1925-1939 

2013 

3 

3 

1942 

Cutler and Hoerr'* 

Peter Bent Bngham Hospital Mass 

1913-1940 

2192 

4 

4 

1942 

Jennings Burger and 

Beth El Hospital Brooklyn N Y 

1930-1938 

1680 

1 

9 

1942 

Jacobi** 

Rogers and Fa\on** 

Mass General Hospital Mass 

1929-1940 

3301 

3 

06 

1942 

Slattery and Hinton*’ 

Bellevue Hospital (IV Div ) N Y 

1928-1939 

677 

5 

1 

1943 

Hathaway and 

Cleveland Survey Ohio 

1930-1942 

19,401 

4 

8 

1945 

Watkins** 

Ajcock and Farris’ 

Baltimore City Hospitals Md 

1935-1944 

1151 

3 

0 

1945 

Mueller” 

Roosevelt Hospital N Y 

1935-1944 

1481 

1 

6 

1946 

Tashiro and Zmningcr** 

Cincinnati General Hospital Ohio 

1939-1943 

865 

3 

46 


the lowest rate of o 43 per cent There was only one death in 1943 and 1945 
In the progressive five-year average curve (Fig 2) the diminution m mortal- 
ity rate is clearly shown and, during the last five year peiiod, the rate was 
I 37 per cent 

These figures compare rather favorably with those reported in other 
teaching centers, or hospitals with large staffs, and a few of them are listed 
in Table I 


S MPLE ACUTE APPENDICITIS 

Slightly over half oui total number belong in this category (2,855 cases) 
and, perhaps in time, we may eventually witness the vast majority of cases 
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classified heie Theie weie 14 deaths resulting m a fatality rate of 049 pei 
cent Figuie 3 shows the annual moitahty rate, and it will be noted that it 
has been zero dining the past six years except for 1944 which discloses the 
highest annual rate in the period under study, being slightly greater than 
those recoided in 1920, 1922 and 1924 There were three deaths in 1944 
The progiessive five-yeai aveiage is shown in Figure 4 and reveals a fairly 
uniform curve For the past five yeais the rate was o 39 per cent Comparable 
results m other institutions are listed in Table II 

During the latest five-yeai period theie were three deaths m this group, 
all occurring m 1944 All thiee were obese and elderly (69, 73 and 76 years 
of age) The histones were fairly typical and of short duration, but one was 


Table II 

MORTALITY RATES FROM SIMPLE ACUTE APPENDICITIS, REPORTED IN LITERATURE 


Year of 



Period 

No of Mortality 

Publication 

Author 

Place 

Studied 

Cases 

per cent 

1940 

Barrow and Ochsner< 

Charity Hospital La 

1957-1938 

860 

0 

8 

1940 

Muller’* 

I ankanau Jefferson and Misera- 
cordia Hospitals Pa 

1937-1938 

259 

0 

0 

1940 

StaSord and Sprong*’ 

Johns Hopkins Hospital Md 

1931-1939 

838 

0 

0 

1941 

Burke and Kuhni’ 

Municipal Hospital Buffalo, N Y 

1935-1946 

320 

0 

58 

1941 

Haggard and Kirtlev ' ® 

Haggard Clinic, Tenn 

1915-1938 

2007 

0 

54 

1941 

Nassau Lorry and 
Pulaski” 

Frankford Hospital Pa 

1904-1939 

1800 

0 44 

1941 

Rumbold’* 

Genesee Hospital N Y 

1925-1939 

1499 

0 

6 

1942 

Cutler and Hoerr<* 

Peter Bent Brigham Hospital, Mass 

1913-1940 

1605 

1 

2 

1942 

Rogers and FaxonU 

Mass General Hospital, Mass 

1929-1940 

2630 

0 

53 

1942 

Slattery and Hinton^’ 

Bellevue Hospital (IV Div ). N Y C 

1928-1939 

474 

1 

6 

1945 

Ay cock and Farris’ 

Baltimore City Hospitals Md 

1935-1944 

895 

0 

0 

1946 

Meyer, Requarth and 
Kozoll’i 

Cook County Hospital, 111 

1944-1945 

281 

0 

78 


observed for 48 hours on the medical service, having been admitted ten days 
previously for hypertension and cardiac insufficiency The McBurney incision 
was used in all, and technical difficulties were encountered in one because of 
a high cecum All were drained and sulfanilamide was applied locally in two 
One patient expired the following day from cardiac failure, pulmonaiy edema 
and pneumonia Another died on the tenth postoperative day from pulmonary 
infarct and pneumonia, m spite of early ambulation The third death came on 
the 14th day, from progressive heart failure and pneumonia The important 
contributory factors in this group of deaths were age, obesity and severe 
cai diovascular and lespiratory disturbances One patient presented a some- 
what atypical history and technical difficulties at operation w'-ere encountered 
m another The appendiceal disease was certainly not the direct cause of 
death although it w^as undoubtedly the inciting one 

ACUTE APPENDICITIS WITH ACUTE EOCAE PERITONITIS 

In this group vve find almost one quarter (23 per cent) of the total number 
of our series There weie 26 deaths m the 1,262 recorded cases, resulting in 
a moitahty rate of 2 06 pei cent — ^four times gi eater than the previous group 
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Fig 6 

Fig 3 — Graph showing- annual death rate from 1916 to 1945, inclusive, in 2855 cases 
of simple acute appendicitis Total number of deaths 14 Mortality rate, o 49 per cent 
No deaths m 1945 

Fig 4 — Graph for comparison with that in Figure 3, showing the progressive five- 
year average death rate from 1916 to i945> inclusive, m all cases of simple acute appen- 
dicitis Mortality rate for 1941 to 1946 was o 39 per cent 

5 — Graph showing the annual death rate from 1916 to 1945, inclusive, in 1262 
cases of acute appendicitis with acute local peritonitis Total number of deaths 26, 
mortality rate, 206 per cent No deaths in 1945 

Fig 6 — Graph for comparison with that in Figure 5, showing the progressive five- 
year average death rate from 1916 to 194=5, inclusive, 111 all cases of acute appendicitis 
with acute local peritonitis Mortalit}' rate for 1941 to 1946 was i 35 per cent 
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The annual death rate fluctuated from 8 pei cent to zero (Fig 5) and the last 
five-yeai period earned a i 35 pei cent mortality late (Fig 6) The progres- 
sive five-yeai aveiage shows but little improvement although there was a 
rathei steady decline fiom the 1916-1921 to the 1929-1934 periods Since 
then the cuive has shown a seiious upward tiend and, although the last 
thiee peiiods aie not as high as the piecedmg ones, nevei tireless they leveal a 
slight increase We aie distuibed by these findings, and 111 examining the 
lecords, some of the reasons can be found The seiiousiiess of the true path- 
ology was often misjudged There were eiiois m operative technique In 
numerous instances the opeiatoi rras uncertain whether to drain, 01 not, and 
It was obvious he r\as confused by such pernicious catch phrases as 'bvhen m 


Table III 

MORTALITY RATES FROM ACUTE APPENDICITIS WITH ACUTE LOCAL PERITONITIS REPORTED IN LITERATURE 


Year of 
Publication 

Author 

Place 


Period 

Studied 

No of Mortalit: 
Cases per cent 

1940 

Muller! 5 

Lankenau, Jefferson and 

Miscri- 

1937-1938 

78 

1 3 

1941 

Burke and K.uhn"> 

cordta Hospitals Pa 

Municipal Hospital Buffalo New York 

1935-1940 

44 

11|3 

1941 

Bohmansson and 

Orebro Hospital, Sweden 


1929-1940 

416 

11 0 

1941 

Norup* 

Nassau, Lorry and 

Frankford Hospital Pa 


1904-1939 

1159 

3 5 

1941 

Pulaski!^ 

Rumbold<< 

Genesee Hospital N Y 


1925-1939 

239 

7 1 

1942 

Slattery and Hinton** 

Bellevue Hospital (IV Div ) 

NYC 

1928-1939 

67 

S 9 

194S 

Aycock and Farris! 

Baltimore City Hospitals Md 

1935-1944 

82 

1 2 


doubt, dram” 01 “when m doubt, don’t drain ” It was evident, too, that some 
of the residents and younger siugeons were not quite sufficiently knowledge- 
able in exercising correct judgment in the more difficult cases Measuies to 
improve such situations will be presented later under “Suggestions for reduc- 
ing the moitality ” Table III illustrates mortality figuies m some of the other 
hospitals in this particular type of appendicitis 

There were three deaths m this group during the last five-year period 
The ages were 3, 48 and 57, and the latter two u ere obese Only one presented 
a typical history, another had chills and fever with no localization of pain, and 
the child complained of sore thioat, cough and emesis, followed only later by 
abdominal cramps The McBurney incision was used in all The appendix 
was gangrenous in each instance and was grossly perforated in two These 
tuo weie drained All received local sulfonamides and two w^ere given paren- 
teral administration in addition The immediate postoperative course was 
stormy in all, wath marked distention, requiring Miller- Abbott decompression 
Type III pneumonia was the cause of death on the 5th day in the case of 
the child The second patient also died on the 5th day from pylephlebitis and 
bacteremia, and the third case succumlied on the 10th day from massive 
embolism Autopsies w ere obtained on the tw o adults The chief contributory 
factors in causing death were obesity difficulty in diagnosis, distention, a silent 
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phlebothrombosis, and existing upper respiratory infection in tbe case of tbe 
child Distention is certainly one of tbe important predisposing causes of 
thrombosis, with its threat of infarction or embolism Fever and chills were 
ominous symptoms in the patient dying from pylephlebitis and sepsis, but such 
symptoms do not necessaril}’- presage a fatal outcome 

Fig 7 


• Acute AppEtiDiciTis With PERiToncftL Abscess 



Acute AppEiiDiciTis With PcRiToriEftL Abscess 



Fig 8 

Fig 7 — Graph showing the annual death rate from 1916 to 1945, inclusive, in 896 
cases of acute appendicitis with peritoneal abscess Total number of deaths 81 , mor- 
tality rate, 9 04 per cent Mortality rate for 1945 was 3 45 per cent 

Fig 8 Graph for comparison with that in Figure 7, showing the progressive five- 
year average death rate from 1916 to 1945. inclusive, m all cases of acute appendicitis with 
peritoneal abscess Mortality rate for 1941 to 1946 was 4 16 per cent 


ACUTE APPENDICITIS WITH PERITONEAL ABSCESS 
There were 896 cases of primary appendiceal abscess, this comprising 
16 per cent of the whole series The 81 deaths in this stibgioup produce a 
mortality of 9 04 per cent In Figure 7 one notes a high late of 20 per cent in 
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1920 and 1922 while in 1928, 1935 and 1943 it was zero The last year of the 
present study shows a mortality rate of 3 45 per cent The progressive five- 
year average (Fig 8) reveals a steady decline since the 1936-1941 period, 
and the last five-year interval registers a mortality of 4 16 per cent, a little 
less than half the total rate for this group Our results are therefore 
encouraging 

In Table IV comparable rates from other hospitals are shown, but does 
not include any series treated conservatively or by delayed methods of therapy 

There were four deaths from appendiceal abscess in the last five-year 
period Three patients vere elderly (60, 71 and 78) and obese The fourth 
patient was 36 Severe hypertension was observed in the 6o-year-old patient 
The duration of illness was two days, five days (in two), and two weeks Only 
one presented a typical history, but it was suggestive m another Two took 


Table IV 


MORTALITY RATES FROM ACUTE APPENDICITIS MITH APPENDICEAL ABSCESS REPORTED IN LITERATURE 


Year of 
Publication 

Author 

Place 

Penod 

Studied 

No of 
Cases 

Mortality 
per cent 

1940 

Boyce’ 

Charity Hospital La 

1930-1939 

323 

10 

8 

1940 

Reid and Montanus*’ 

Cincinnati General Hospital Ohio 

1934-1938 

129 

10 

0 

1940 

Stafford and Sprong*’ 

Johns Hopkins Hospital Md 

1931-1939 

283 

7 

06 

1941 

Nassau Lorry and 

Frankford Hospital Pa 

1904-1939 

135 

8 

8 

1941 

Pulaski” 

Rumbold“ 

Genesee Hospital N Y 

1925-1939 

130 

18 

4 

1942 

Cutler and Hoerr” 

Peter Bent Bngham Hospital Mass 

1913-1940 

247 

7 

3 

1942 

Slattery and Hinton” 

Bellevue Hospital (IV Div L N Y C 

1928-1939 

88 

7 

9 

1942 

Stafford®' 

Johns Hopkins Hospital Md 

1939-1941 

42 

2 

38 

1943 

Budd and Watkins® 

Cleveland Survey Ohio 

1940-1941 

113 

9 

7 

1945 

Aycock and Fams® 

Baltimore City Hospitals Md 

1935-1944 

58 

6 

9 


cathartics One patient was observed for a week after admission and another 
underwent decompression with a Miller-Abbott tube for several days before 
operation The McBurney incision was employed in three, but a left rectus 
was chosen in the fourth because this was the most prominent region of the 
abscess Twice the surgeon encountered serious technical difficulties The 
appendix was not removed in two others Spinal anesthesia was administered 
twice and nitrous oxide-ether was chosen for the other two Sulfonamides 
were introduced locally in two, but all received parenteral sulfa therapy 
Penicillin was used, in addition, for one patient The immediate postoperative 
reaction was quite satisfactor}'- in three, but one developed moderate distention 
on the following day One patient (with hypertension) died on the second 
day from massive pulmonary embolism and acute pulmonar}'- edema Another 
succumbed on the 5th day from paralytic ileus and type VI pneumonia There 
was also a question of a flare-up of a quiescent pulmonary tuberculosis 
Neither of these cases were autopsied The third patient (with incision and 
drainage of appendiceal abscess only) had a smooth postoperative course and 
was allowed up on the nth da} Six days later he -went into sudden collapse 
and died Autopsy revealed a laige saddle embolus at the bifurcation of the 
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pulmonar) aitery Theie was a bilateial phlebothiombosis of tbe external iliac 
and femoial veins Tbe peiitoneiim was clean except for the region of the 
appendiceal abscess The appendix was laterocecal with a perforation 5 cm 
fiom the base There was no clinical evidence of thrombosis during the post- 
operative period The fouith patient (watched for one week after admission, 
incision and diainage of appendiceal abscess only) suftered a long difficult 
postoperative course A secondar3'^ mtraperitoneal abscess was incised and 
diained ten days after operation Six days later he revealed a pneumonitis 
in the right lower lobe On the 26th day, there w'as evidence of a pylephlebitis, 
followed by incision and drainage of a left subphrenic abscess on the 40th 
postoperative day This required revision in another ten dajs Blood culture 



Fig 9 — Graph showing the annual death rate from 1916 to 1945, inclusive, in 452 
cases of acute appendicitis with acute diffuse peritonitis Total number of deaths 70 , 
mortality rate 1548 per cent No deaths in 194S 


on the 45th day disclosed a non-hemolytic streptococcus A left suppurative 
pleurisy then developed wdiich required drainage on the 52nd day He con- 
tinued to worsen, his geneial sepsis could not be controlled, and he expired 
on the goth postoperative day from bacteremia, pylephlebitis, meningitis or 
metastatic cerebral abscesses No autopsy was obtained 

The chief factors in these four deaths w'ere advanced age m three, obesit) 
m two, hypertension in one, unrecognized diagnosis m two, and failure to 
appreciate a postoperative bilateial femoral phlebothiombosis 
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ACUTE APPENDICITIS WITH ACUTE DIFFUSE PERITONITIS 

Four hundred fifty-tuo cases, 834 per cent of the total numbei, 
revealed a diffuse, 01 spreading peritonitis, at the time of operation There 
were 70 deaths, producing a mortality rate of 1548 per cent Figure 9 
illustrates the annual mortality rate and dm mg the first 20 years the rate 
was quite high, although there were two years (1918 and 1925) without any 
deaths In the past nine years there has been a marked diminution m the 

Table V 


MORTALITI RATES FROM ACUTE APPENDICITIS WITH ACUTE DIFFUSE PERITONITIS REPORTED IN LITERATURE 


Year of 
Publication 

Author 

Place 

Period 

Studied 

No of 
Cases 

Mortalitj 
per cent 

1941 

Nassau Lorry and 

Frankford Hospital, Pa 

1904-1939 

356 

23 6 

1941 

PulaskpJ 

Rumbold« 

Genesee Hospital, N Y 

192S-1939 

145 

18 0 

1942 

Slattery and Hinton** 

Bellevue Hospital (IV Div ) N Y C 

1928-1939 

48 

33 3 

1945 

Ajcock and Fams* 

Baltimore City Hospitals Md 

1935-1944 

116 

25 0 


PER CEflT 
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Fig 10 — Graph for comparison with that in Figure 9 , showing the progressive five- 
year average death rate, from 1916 to 1945 , inclusive, in all cases of acute appendicitis 
with acute diffuse peritonitis Mortality rate for 1941 to 1946 was 408 per cent 

death rate, and no fatalities took place m 1940, 1942, 1943 and 1945 The 
progressive five-year average (Fig 10) illustrates this rather strikingly, 
particularly from the 1936-1941 period to the latest one (1941-1946) wFicli 
registered a mortality rate of 4 08 per cent 

Table V illustrates comparable figures m other hospitals but excludes 
results obtained from conservative or delayed operative tieatment 

Tw'o deaths are recorded in the past five years One w'as 54 and the other 
was 82 years old Both weie thin The former had a one day atypical, and 
the latter a two day typical history There was marked hypertension and 
cardiac enlargement m the elder one The diagnosis in the younger patient 
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was perforated peptic ulcer, so that an upper right rectus incision was made 
It was necessary to extend it caudad The appendix was lateroretro cecal, 
with a perforation near the base There was no evidence of a localizing 
process He took the anesthesia very poorly and it was necessary to resort 
to open ether Culture of the pus revealed five organisms, indicating the 
seventy of the infection A McBurney incision with local anesthesia was 
chosen for the elder patient A meso-cecal gangrenous appendix was found 
with a perforation at the middle third Thin odorless pus was welling in from 
all sides of the operative field The culture grew out a non-hemolytic I? coh 
Five grams of sulfanilamide were placed into the operative field Removal 
was technically difficult The immediate postoperative reaction was rather 
severe in both patients They received parenteral sulfa therapy, and penicillin 
was administered to the 3munger patient, in addition He also required decom- 
pression with the Miller-Abbott tube Bilateral pneumonia developed over 
both bases at the end of 24 hours and he died of shock and overwhelming 
infection 50 hours after operation No autopsy was obtained The elder 
patient responded rather well during the fiist postoperative week She then 
incurred bilateral pneumonia in the second week During the following week 
there was evidence of cul-de-sac abscess, and this ruptured spontaneously per 
vagina For some unexplained reason, a rectovaginal fistula developed in the 
fourth week and on the 28th postoperative day there was a sudden severe 
hemorrhage from the abscess and fistula site, and she died soon after Autopsy 
showed a clean peritoneum, a small residual abscess in the left lower quadrant, 
and the cul-de-sac abscess communicating with the rectovaginal fistula No 
specific bleeding point was found 

The important factors which pla3'ed a role in these two deaths were age, 
atypical history, wrong pieoperative diagnosis, hypertension, misplaced 
incision, poorly tolerated anesthetic, technical difficulty at operation, pneu- 
monia, overwhelming polybacterial infection, and a severe fatal hemorrhage 

ACUTE APPENDICITIS WITH ACUTE PROGEESSIVE nBElNOPUEULENT PERITONITIS 

Fortunately there were only 34 such cases in the present series, or o 6 per 
cent All but six died The death rate is therefore very high, namely 82 35 
per cent There was only one survival amongst the five cases during the last 
five-year period 

The four deaths are briefly presented They were in the middle age group, 
ranging from 37 to 53 The sexes were equally divided The duration of 
illness ranged from two to ten days Three were obese All presented atypical 
histones One patient (age 53) was diagnosed as renal colic Twenty-four 
hours later the diagnosis was changed to acute cholecystitis Six hours later 
he was taken to the operating room with a diagnosis of gangrenous cholecys- 
titis with perforation Two incisions were made a paracostal over the gall- 
bladder and then a McBurney incision with drainage of an appendiceal 
abscess He died in the operating room just as the dressings were applied 
Autopsy revealed a fibnnopurulent peritonitis , a retrolatero cecal abscess, 
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with a gangrenous perforated appendix fixed to the posterior cecal wall Cul- 
ture of the peritoneal pus grew out a h coh 

The second patient (age 51) was admitted in shock, with a diagnosis of 
perforated peptic ulcer, having acknowledged a 24-year ulcer history In 
spite of supportive treatment, he never recovered from shock and died soon 
after admission Autopsy showed a generalized fibrmopurulent peritonitis, a 
perforated gangrenous appendix lying in the pelvis and a healed duodenal ulcer 
The third patient (age 42) was thought to have an acute ileus secondary 
to adhesions from radiotherapy, or to recurrence of an ovarian carcinoma 
Because the maximum signs presented in the left lower quadrant, a left lower 
rectus incision was made under local anesthesia A fibrmopurulent peritonitis 
was encountered and, because of the patient’s precarious condition, no further 
exploration was made She died six hours after operation Autopsy disclosed 
a generalized fibrmopurulent peritonitis, a large abscess behind the terminal 
ileum and cecum extending to the sigmoid on the left and to a pelvic mass 
below A perforated necrotic appendix extended into the abscess 

The last patient (age 37) vas admitted with a diagnosis of acute cholecys- 
titis and only after 24 hours’ observation was the true nature of the disease 
process suspected Through a McBurney incision, a high retrocecal and 
retrocolic gangrenous perforated appendix was found The surgeon experi- 
enced considerable technical difficulty in the procedure and it was hard to 
control bleeding There was a generalized fibrmopurulent peritonitis in addi- 
tion In spite of local and parenteral sulfonamide therapy, transfusions, and 
decompression with the Miller-Abbott tube, she had a very stormy course and 
died on the third postoperative day A blood culture was sterile Peritoneal 
culture grew out a h aoogenes At autopsy there was a widespread fibrino- 
purulent peritonitis A culture of the heart’s blood revealed 'an anaerobic 
green streptococcus 

The chief factors in the mortality amongst these four cases are Wrong 
diagnosis, resulting in serious delay in two instances, obesity in three, two 
incisions in one case, serious technical difficulties with bleeding in another, and 
general sepsis, collapse, and shock in all of them 

Figure II reveals the progressive five-year average curves for all cases of 
acute appendicitis (curve V), together with the various subgroups, excepting 
acute appendicitis with generalized fibrmopurulent peritonitis These curves 
therefore reflect their relationship, one to another, and reveal the general mor- 
tality trends over the period of tune under study As already noted, there 
has been a definite rise in mortality from acute appendicitis with acute local 
peritonitis and our chief concern, therefore, is directed to this subgroup 

Table VI illustrates the mortality rate for all cases of acute appendicitis , 
as well as each of its subgroups, for the 30-year span, also the most recent 
five-year period, and the last year of the study It is gratifying to note that 
the mortality rates in the middle column are very much better than those m 
the first column, whilst those m the right hand column are even lower than 

459 



RUDO] PIJ N SCIIULLINGER 


Annals of Surgery 
October 1947 


those shown in the middle one Attention is also directed to column one 
where the mortality late quadiiiples with spread of the disease m the earliei 
phases It neaily doubles m late between abscess and diffuse peritonitis, and 
then increases almost sixfold between acute diffuse peritonitis and fibrinopuru- 
lent peritonitis 

GENERAL BEJIARKS 

The diminution m oui appendicitis fatalities is m keeping with similar 
reports from other hospitals and clinics In fact, a maiked reduction has taken 
place thioughout the nation since 1930 In that year the mortality w^as 153 
per 100,000 whilst 111 1945 the late was 5 r per 100,000,''’® or 6,697 deaths 



I Simple acute appendicitis 

II Acute appendicitis with acute local peritonitis 

III Acute appendicitis with peritoneal abscess 

IV Acute appendicitis with acute diffuse peiitonitis 
V Acute appendicitis — All Cases 

Fig II — Graph showing the progressive five-year average mortality curve 
from igi6 to IQ 45 , inclusive, for all cases of acute appendicitis and its associated 
lesions (curve V) as well as its vaiious subgroups (curves I to IV) with the 
exception of subgroup comprising acute appendicitis with progi essive generalized 
fibrinopurulent peritonitis 

With so little value placed on human life in lecent years, this death rate is 
small indeed, yet it seems that w'C really should exert our eveiy effort to 
reduce it further 
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There are numerous leasons for this nationwide reduction in appendicitis 
deaths The coordinated plans on the pait of the public health senuce com- 
bined with the sponsorship of local medical societies, industries, insurance 
companies, schools, universities, and municipal authorities have served to 
render the laity conscious of two serious dangers of appendicitis, namely, 
delay and purgation In our own series we find that there is a slight but 
definite reduction of our peritonitis cases, even though our annual incidence of 
acute appendicitis remains about the same This suggests that the population 
m our area has become appendicitis conscious, or that the physicians, serving 
this region, are recognizing and diagnosing the disease process early and 
promptly 

Another factor m reducing appendicitis mortality has been the more thor- 
ough teaching and training of our residents During our most i ecent five-year 
period, there were more deaths mcuired by the attending than by the 
resident staff 


Tabie VI 

ACUTE APPENDICITIS AT THE PRESET TERIAN HOSPITAL, NEW YORK CIT\ 

January 1, 1916 to December 31, 1945 



Mortality Last Five Year 

1945 


Rate 

Average 

Mortality 

Classification 

1916-1945 Mortality Rate 

Rate 

All cases of acute appendicitis 

3 55% 

1 37% 

0 43% 

Simple acute appendicitis 

0 49% 

0 39% 

0 00% 

Acute appendicitis with acute local pentonitis 
Acute appendicitis with pentoneal (appendiceal) 

2 06% 

1 35% 

0 00% 

abscess 

9 04% 

4 16% 

3 45% 

Acute appendicitis with acute diffuse pentomtis 
Acute appendicitis with progressive fibnnopurulent 

15 48% 

4 08% 

0 00% 

pentomtis 

=*■ No cases for 1945 

82 35% 

80 00% 

*0 00% 


The past decade has witnessed great advances m the care and treatment 
of the sicker type of patient, for instance, pieoperative preparation, apprecia- 
tion of fluid balance requirements, deficiency states such as anemia and hypo- 
protememia, more liberal use of plasma, blood, and oxygen therapy, gastro- 
intestinal decompression, means of anticipating and controlling thrombophle- 
bitis with Its threat of infarction or embolism, and early ambulation Of 
great importance has been the marked advance m methods of anesthesia and 
in Its skillful administration The advantage of utilizing the services of a 
highly trained staff of w^ell tiained and resourceful anesthetists is obvious In 
close association w^itli the latter, there has been a steady improvement in 
operative technic, wnth few^er technical erroi s and blunders, together wnth the 
more frequent use of the McBurney incision 

A further factoi m the diminution of appendicitis fatalities has been the 
advent of the antibactei lal agents The role of the sulfonamides is know’ii to 
all, and everyone is familiar wnth the reports of Ravdin, Lockw'ood and 
Rhoads,^® Harvey, Meleney, and Rennie,^^ Mueller and Thompson, Jackson 
and Coller,-^ Thompson, Biabson and Walker, Stafford,’"'^ Chesterinan 
Aycock and Fanis^ and numerous other observers We have not employed it 
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consistently or set down any iigid rules with leference to its use, but prefer 
to leave the decision with the suigeon, who will base his judgment on the 
merits of any given case The writer is disposed to use it locally and system- 
ically m patients wath local oi w'ldespiead peritonitis, and to employ it paren- 
terally in cases of appendiceal abscess The more recent reports of Altemeier,^ 
Crile,^"’ Crile and Fulton,^'* Fauley and his associates,^** and others, suggest 
that large doses of penicillin probably inhibit the escherichia organisms and 
may be beneficial in polybacterial peritonitis of appendiceal origin The results 
of the last two groups of investigatois may necessitate a change m our present 
policy of treating appendiceal abscess and spieadmg appendiceal peritonitis 
Pei haps, in the discussion, Doctoi Lockwood will i elate his interpretation of 
the mechanism and mode of action of penicillin on the gram negative intestinal 
bacilli m connection with appendiceal peiitonitis We have used penicillin, 
both alone and in conjunction with the sulfonamides, but we have not a 
sufficient number of cases on which to base any conclusions The use of 
streptomycin in appendicitis w'lth peiitonitis oi abscess is still speculative, but 
a pielimmar}'' report on experimental peiitonitis m dogs by Zintel and his 
associates®" suggests that it is not as helpful as the combined eftect of peni- 
cillin and the sulfonamides 

We are also impiessed by the causes of death during the last five-year 
period of our study, in that our improved methods of therapy appear to have 
diminished the fatalities from peritonitis, general sepsis, pneumonia and 
embolism The chief factors in our recent deaths are Advanced age, hyper- 
tensive cardio-vascular disease, obesity, diabetes, atypical history, w’rong diag- 
nosis, and technical eirors such as misplaced incisions, difficulty m removing 
the appendix, and lack of understanding the indications for drainage Other 
factors were improper choice of anesthetic, failure to i ecognize a latent throm- 
bophlebitis and inability to control distention 

One must not neglect to pay tiibute to the greatly depleted attending staff, 
and the resident and assistant resident surgeons, w'lth then accelerated and 
shortened training period, who, during the wai years, continued to maintain 
a low mortality record at this hospital (Fig i) 

Thus there are many factors responsible for the low^ered mortality rate 
of acute appendicitis but perhaps the most important of all are the sober 
judgment, skill, and experience of the surgeon combined W'lth Ins obseivance 
of fundamental precepts and sound surgical principles 

SOME PHACTICAE CONSIDERATIONS 

Our general policy has been one of prompt operation, and we fully concui 
with the arguments, for early surgical intervention, as set forth by Stone,"® 
Ogilvie,®" Stafford and Sprong,"^ Gile and Bowder,^® Maes and his associates,®" 
Shipley Thornton,"® Nichols,®® Mueller,®® Lahey,^'^ Scott and Ware,^® and 
numerous others When necessaiy, our patients may undergo several hours 
of preparation before operation, including resuscitative measuies and restor- 
ation of fluid balance This form of therapy is not to be construed as “delayed” 
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tieatment in the sense employed by the more conservative school of surgeons 
The t}pe of anesthetic should be chosen by the anesthetist, after due 
appraisal of the case with the surgeon in charge This tends to minimize the 
danger of routine and rule of thumb methods The writer is disposed to favor 
spinal anesthesia, whenever it is considered safe, because of complete wound 
relaxation and relatively greater ease in exposing the site of patholog}^ without 
undue retractor trauma However, there are numerous occasions when a 
patient’s condition does not permit the use of spinal anesthesia and, in such 
instances, w^e resort to some other anesthetic agent As Rogers and FaxoiA® 
have indicated, the operation should not exceed an hour There are rare 
exceptions to this Speed is desirable at times but never at the expense of 
technical precision and gentleness to the tissues 

The McBurney incision is extensively employed at this institution, but 
if circumstances indicate the advisability of another approach, we do not 
hesitate to do so Doctor Whipple has repeatedly stated “Fit the incision to 
the patient, not the patient to the incision ” A liberal incision is desirable and, 
if technical difficulties are encountered in satisfactorily demonstrating our 
surgical objective, the incision should be enlarged — caudad by Weir extension, 
or, if necessaiy, division of the outer portion of rectus muscle and sheath, 
— cephalad by transecting the internal oblique and transversus abdominis 
muscles 

The intelligent use of retractors is often overlooked, resulting in unneces- 
sary roughness and trauma to the wmund Since most of these w'ounds are 
contaminated by reason of the infected appendix, the danger of intramural 
infection becomes increasingly greater by overzealous retraction on the part 
of the second assistant Retractors should be inserted and placed wnth great 
care and exactness, and the operator should frequently admonish his assistant 
to exert minimal force consistent w’lth adequate exposure 

The appendix should be sought wuth extremely careful manipulation and 
maneuvers, and wuth the least possible disturbance of the surrounding viscera 
It may be necessary, at times, to divide the lateral peritoneal reflection of the 
cecum in order to mobilize a high rectrocolic appendix Division of a thick, 
fiiable, edematous mesoappendix must be executed w^ith the greatest care and 
gentleness because, if this structure tears, the blood vessels retract, and often- 
times it IS almost impossible to control the resultant bleeding We piefer to 
invert the appendix stump but simple ligation is quite proper, particularly 
when the adjacent cecal w'all is thickened and friable We strongly condemn 
combined ligation and inversion of any appendix stump 

If it is decided to dram (vide mfia) a case of local peritonitis, it is better 
to insert one or two simple Penrose or cigarette drams These should be 
removed relatively early, depending, of course, on the general condition of 
the patient, the temperature cun^e, the amount and character of the discharge, 
the bacteriolog}' of the pus, and the region and anatomical peculiarities of the 
area drained For primary appendiceal abscess, it is preferable to introduce a 
tampon, wnth gauze packs or cigarette drams placed within it This permits 
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free drainage, keeps the wound well “sprung,” thus preventing narrowing or 
“bottle necking” of the superficial portion of the tract, and, lastly, encourages 
healing from within out, by arresting premature infolding of the adjacent 
intrapentoneal structures Sometimes we introduce a small soft rubber tube 
or catheter along the lateral aspect of the tampon for purpose of subsequent 
irrigations In any event, it is extremely important never to insert a dram 
aci OSS a viscus if it can possibly be avoided This is one of many reasons for 
choosing the McBurnej' incision because it lends itself so well m the proper 
placement of drains 

If, m the removal of an unperforated gangrenous appendix, the surgeon 
decides against intrapentoneal drainage, it is uise to insert a small drain to 
the muscle oi pioperitoneal layei, because such wounds are almost certainly 
heavily contaminated No possible harm can come from this, and the surgeon 
enlists an added factor of safety for his patient Elderly, obese and diabetic 
individuals should also receive intramural drainage even though the peri- 
toneum may be closed 

The reader is familiar wuth present-day methods of postoperative therapy, 
but there is one point w'hich deserves special emphasis, namely, the desirability 
of medical teamw’ork This is particularly important in connection with older 
patients Too often we are inclined to “wait and see,” onlj to call upon our 
medical consultants wdien signs of heart failure oi pneumonia or apoplexy 
have already set in It is far preferable to invite medical council before any- 
thing serious has taken place Such close association between surgeon and 
internist may forestall many serious complications 

INDICATIONS FOR DRAINAGE 

For man) surgeons, the problem of drainage seems to progress in cycles 
In the beginning, one usually starts w'lth a firm resolve to follow' the principles 
governing drainage In due course of time, a tendency develops to overlook 
the teachings of medical school and early intern days As experience increases, 
the surgeon may discard oi revise the precepts of his instructors This in itself 
is not reprehensible because progress demands vision and imagination, as W'ell 
as reflection and deliberation But sooner or later, a time arrives w'hen bold- 
ness and self-confidence w'lll outbalance sound judgment and critique Then 
comes the final step — ^a serious oversight or blunder, resulting in a severe and 
stormy postoperative course, perhaps in death At Staff Conference, the case 
is reported and discussed, the error is recognized and acknow'ledged There 
IS the usual expiession of remorse and regret, followed by a realhrmation of 
the indications for drainage This marks the beginning of the next cycle, and 
others to follow' Unfortunately, w'lth the advent of antibacterial agents and 
better methods of treatment, it is tempting and misleading to overlook sound 
fundamental principles of surgical therapy 

For teaching purposes, and particularly for interns and residents, and also 
for younger members of attending surgical staffs, the indications for drainage 
are herew’ith presented They should be observed by surgeons of average 
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ability, such as Doctor Jones, Doctor Smith, Doctoi Brown and myself To 
the highly skilled, experienced master surgeon, some of these suggestions 
will appear superfluous and perhaps even unnecessary . 

Presence of an abscess 

Necrotic or compromised tissue remaining in the operative field 
Inability or inadvisability to remove the focus of infection (appendix) 
Gross contamination from 

perforation of appendix 
break in technic 

Extensive exposure of retroperitoneal tissue 
Uncontrolled bleeding 

Insecure ligation or closure of the appendiceal stump 
Severe operative trauma 

There are certain coiollaries to these rules, such as an extremely difficult 
technical procedure with retrograde removal of the appendix, also the pres- 
ence of two or more organisms m the direct smear of the exudate or pus In 
addition, there are also some variable factors which may enter into a decision 
to dram, namely, age, debility, cachexia, obesit}^ diabetes, and other constitu- 
tional diseases The indications for drainage of the intramural portion of these 
wounds have alread}' been discussed If the thoughtful conscientious surgeon 
will keep these criteria for drainage clearly in mind, he will have no need for 
untimely and ill conceived catch phrases to misguide or influence his final 
decision He can act uithout fear or misgiving Application of tnese prin- 
ciples governing drainage will contribute, in no small measure, to a substantial 
1 eduction of deaths, especially in the subgroup of acute appendicitis with local 
peritonitis Severe postoperative reactions and serious complications will also 
diminish in this particular subgioup 

SUGGESTIONS FOR FURTHER REDUCTION OF MORTALITY 
FROM ACUTE APPENDICITIS 

The continuation of public education in the dangers of purgation and delay, 
and in the advantages of early diagnosis and prompt operation, in acute 
appendicitis, should be vigorously supported by appropriate local, state and 
national authorities and agencies The results of such concerted action are 
already known, and they have contributed greatly toward the reduction of 
appendicitis deaths in the nation as a whole 

In our institution, we believe a further diminution m mortality can be 
effected as follow s 

Earlier recognition of atypical cases 

Require the attending surgeon, on call, i) to examine all cases of 
uncertain or equivocal diagnosis, 

2) to scrub wnth the resident or assistant resident if the patient 

a) IS obese 

b) IS 45 years or over 

c) gives a 48-hour historjL or longer 

d) presents a doubtful diagnosis 

465 



RUDOLPH N SCHULLINGER 


AnnaU of SurRcry 
October 1047 


Careful planning with refeience to operative preparation and approach, 
proper choice of anesthesia, and postoperative care 
Anticipation and prevention of complications, particularly thrombo- 
phlebitis, severe distention, and spread of intra-abdoininal infection 
Unceasing efforts to improve operative technic 
Recognition of indications for diainage 

Close teamwork with the medical staff in any case piesentmg potentially 
serious non-surgical complications 

Continued study of expeiimental peritonitis, particularl}'^ along lines 
described by Kay and Lockwood 
Early ambulation in selected cases 

Annual review, at surgical staff confeience, of acute appendicitis, 
together with a discussion of complications, methods of treatment, 
death analysis, and suggestions in formulating otii pohc) for the 
ensuing year 


SUMMARI 

A study of the mortality fioni acute appendicitis, at a Unnersity Hospital, 
covering a period of 30 3'-ears, has been presented 

There has been a satisfactory progressive ovei-all reduction m the mor- 
tality rate, which is in keeping wnth reports from other hospitals and in the 
nation as a whole 

The reasons for such a geneial diminution in appendicitis deaths have 
been noted 

The various subgroups in oui sei les have also show n a substantial decline 
except for Acute Appendicitis with Acute Local Peritonitis, which disclosed 
an increased mortality rate Some of the factors responsible for this use have 
been discussed Suggestions have been submitted to improve and control it 

Appendicitis deaths, during the last five-year period, have been somewdiat 
different from those analyzed m the eailier years of tins study There are 
proportionately few'er fatalities fiom intraperitoneal infections and complica- 
tions, and relatively more from cai diovascular and other nonsurgical 
conditions 

We hav'’ review^ed the indications for drainage and have emphasized a few 
practical points in operative technic and management of acute appendicitis 

A plan for further iinpiovement of our appendicitis moitahty rate has 
been submitted 

In the light of recent reports and investigations, it may become necessary 
and advisable to change the present policy of tieatment for appendiceal 
abscess and diffuse peritonitis at this institution 
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Discussion -—Dr Fridirick A Bonn, Philadelphia The Appendicitis Mortality 
Committee of the Philadelphia County Medical Society analyzed the deaths from appen- 
dicitis in 17 hospitals m Philadelphia duung 1944 Our analyses for the years 194S and 
1946 arc not completed at this time Eight of the 17 hospitals were teaching institutions 
and many of the surgeons in the other nine were connected with a teaching institution 
The Philadelphia Department of Public Health cooperated m this study bj sending a 
copy of the death certificates of all patients dying from appendicitis to the Secretary of 
the Philadelphia County Medical Society A comprehensive questionnaire was filled out 
for all deaths 

In the 17 institutions noted above there were 4997 cases of appendicitis operated upon 
m 1944 , 3248 for acute appendicitis without perforation, 1328 for acute appendicitis with 
perforation and its sequela, and in 421 patients chronic appendicitis was found We arc 
only a fact-finding committee, howe\er, an anahsis of the deaths as thej occurred in these 
17 hospitals revealed several interesting facts 

In the 4997 cases there were 47 deaths The time that elapsed between the onset of 
symptoms and the patient having consulted a ph3sician was less than si\ hours in 13 
instances, si\ to 24 hours in 15 instances, one or more dajs in 26 instances and two or 
more days in 19 We then studied the time tliat elapsed after the plnsician was called 
before the patient w'as hospitalized In 28 cases it was less than siv hours, in 32 it w'as 
less than 24 hours, in 15 it w’as more than 24 houis and in 12 it is more than three days 
We tried to ascertain w'hether or not a cathartic had been taken before hospitalization 
In 22 cases no cathartic ivas taken, eight patients had gntii tlienisclves a cathartic and 
the physician had ordered one m two instances In 15 cases w'e were unable to determine 
W'hether or not a cathartic W’as given The findings at operation showed acute appen- 
dicitis in five cases, perforation w'lth generalized peritonitis 111 17, perforation with abscess 
formation m IS, chronic appendicities in one, normal appendiv m one, findings indefinite in 
three and no operation was performed in five cases 

We noted in four instances that there W'as a marked dcla} m obtaining surgical con- 
sultation after the patient w'as admitted to the hospital These cases had been admitted 
to the medical service instead of having the benefit of immediate medical and surgical 
consultation In one case the surgeon was not called foi 12 hours, in tw'o cases not for 
24 hours and in one, more than 36 hours This prompted us to request that all patients 
hospitalized with abdominal pain should have both surgical and medical consultation im- 
mediately upon admission In an effort to determine whcthci the person performing the 
operation contributed to these deaths we studied w'ho had performed the operation It was 
found that the attending surgeon operated upon 30 of these patients, the associate on fiic 
and the resident on 12 

There were nine deaths in known cardiacs, occurring eight to ten days after the 
operation -This was rather surprising as w'e had felt that cardiac cases under the care 
of a cardiologist prior to surgery would be more likely to succumb m the first 72 hours 
after operation There were seven deaths from pulmonary embolism This again demon- 
strates the high percentage of patients w'ho died from this serious postoperative complica- 
tion, and emphasizes the value of a femoral or higher ligation as an aid in prev'cnting its 
occurrence 

Dr Ro\ D McClure, Detroit Dr Arthur McGraw, who is unavoidably absent 
today, was stimulated by Dr Schulhnger’s abstract to look up our statistics At Heno' 
Ford Hospital during the ten years from I937 to 1946, there were 13 deaths following 1405 
appendectomies for acute appendicitis, an over-all mortality of o 92 per cent In the same 
year drainage only w'as performed in 68 cases of appendi'v abscess with one death, a mor- 
tality of I s per cent During the last five years there has been but one death in 601 
appendectomies for acute appendicitis , during the last four years, no deaths m 466 similar 
appendectomies 

This reduction in mortality cannot be attributable to penicillin because that drug 
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became available for unrestricted use only m 1946 Though used to some extent, sul- 
fonamides ha\e probably not been a large factor m improved mortalitj The Wangen- 
steen principle of gastroduodenal decompression and drainage has been available to us and 
used through the ten-year period, the MiHer-Abbott tube for only a few less years Both 
methods, however, have undoubtedly been of greatest help m the most recent years by 
reason of their more frequent, skillful and therefore effective use Increasing and more 
intelligent attention to maintenance of electrolyte, metabolite and water balance has un- 
doubtedly been a large factor It is interesting to note, however, that the only probably 
helpful factor virtually restricted to the last five years is early ambulation 

In addition, several points in technic which we have adhered to for the past 25 years 
may have a favorable influence on appendectomy mortality (i) Favoring the muscle- 
splittmg incision, (2) identifying the appendix by locating its origin at the convergence 
of the three longitudinal striae of the cecum rather than by searching for the tip with the 
index finger, (3) avoidance of “packing off” of the peritoneal cavity, (4) avoidance of 
dram material any heavier or stiffer than rubber dam 

Brief Sommarv — Henr\ Ford Hospital 13 post-appendectomy deaths 
Duration of S3’mptoms — one-half day to 12 days 


Causes of death 

Diffuse peritonitis 4 

Multiple abscesses 2 

Paralytic ileus i 

Pulmonary embolus 4 

Lung abscess and pneumonia i 

Addison’s Disease i 13 

Clinical findings 

Simple acute appendicitis i 

Acute with perforation or gangrene 9 

With localized abscess 2 

With localized peritonitis 2 

With diffuse peritonitis 5 

Autopsies 6, or 47 per cent 


Hfnrv Ford Hospitai Appendectomy for Acute Appendicitis 
During Last Ten Years 


Deaths 

Years 

Cases 

Alortality 

13 

10 

1405 

092% 

7 

9 

1234 

057% 

6 

8 

1069 

056% 

3 

7 

891 

034% 

3 

6 

709 

042% 

I 

S 

601 

0 17% 

0 

4 

466 

000% 

0 

3 

325 

000% 

0 

2 

190 

000% 

0 

I 

108 

000% 


Dr John S Lockwood, New York It is a pleasure to have the opportunity of dis- 
cussing Dr Schullinger’s paper and to remark first on the fact that Dr SchulUnger has 
acted as a verj efficient one-man committee in Presbyterian Hospital for a number of 
j ears in carefulh following our experience with acute appendicitis and keeping close tab 
on the results In spite of the splendid record manj hospitals can now present, I do not 
think we ought to become in any waj smug about the results, because patients with 
peritonitis still show a significant mortalitv rate In anahsis of the explanation for the 
progress in the last few years, I think the outstanding accomplishment has been through 
recognition of the fact that peritonitis is a local disease which produces a very profound 
systemic reaction and that in effect, it causes death through shock, and the methods of 
treatment of peritonitis which have been conspicuously effective have been those which 
increase the patient’s tolerance to the shock-promoting factors in the disease, more delib- 
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crate, careful pre-operative preparation , correction of metabolic, electrolyte and water 
balance, use of blood, plasma and oxygen, gastro-mtestinal decompression and, finally, 
administration of chemotherapeutic and antibiotic agents Obviously, it becomes ex- 
ceedingly difficult to e\aluatc m am mathematical way the relative significance of any one 
factor m treatment, and certainly that is true so far as chemotherapeutic agents and 
antibiotics are concerned 

Through the opportunity I have had during the last three years to study the physio- 
logic aspects of experimental appendicitis m the dog, I ha\e become con\inced that an 
important role of chemotherapeutic and antibiotic agents is their ability to modify the 
severity of the toxic reaction of the host to bacteria and bacterial products m the peri- 
toneum One effect of the sulfonamides, penicillin and streptomycin is to interrupt bac- 
terial synergism, which is of outstanding significance in this type of peritonitis E\en 
though the drugs may not be actne against all the flora m\ohed, their ability to restrain 
growth activity' of gram positive cocci seems to modify' the tendency of the disease to 
spread Second, there is the ability of the sulfonamides and penicillin to limit the pro- 
duction of bacterial toxins and thereby to minimize the “dose” of toxic protein split- 
products which the patient must absorb One mechanism we have been interested m is 
the apparent abilitv of the sulfonamides and penicillin directly to neutralize the action of 
the toxic bacterial proteins which are elaborated by' the tv pcs of organisms involved in 
peritonitis And, finally, of considerable importance is the ability of these agents to en- 
courage production of a fibrin barrier around the focus of infection 

Dr Grover C PcNUFRTHy, Detroit At the meeting of this Association m 1942, Drs 
Benson, Weller and I reported a study of 1653 cases of appendicitis covering a 15-ycar 
period (1927-1941) at the Children’s Hospital of Michigan The mortalitv in the acute 
ruptured diffuse peritonitis was 64 9 per cent, with many of this group moribund on ad- 
mission The over-all mortality, including all types, was 42 per cent 

In the period I939-I94i a studv of the group with peritonitis or abscess was made, as 
to the effect of chemotherapy on the mortalitv rate, and in the 47 cases treated with 
chemotherapy the mortality was 2 i per cent , in the 67 cases not treated with the sulfa 
drugs the mortality W'as 1 1 9 per cent 

In contrast with the above, from 1942 through 1946, 435 infants and children have 
been operated upon for appendicitis , of this group 104 had perforated appendices with 
peritonitis These patients have had the benefit of surgery and chemotherapy', which rep- 
resents both sulfa and penicillin therapy, m addition to adequate amounts of blood com- 
bined with fluids sufficient to maintain a proper mineral and electroly'te balance with 
control of distention by intubation and suction drainage In this entire group of 435 pa 
tients there has been no mortality Fewer of the patients with peritonitis have had peri- 
toneal drainage and it is our belief that it has reduced the incidence of post-operative 
intestinal obstruction 

Our study confirms the results reported by Dr Schullmger, and we congratulate him 
and his associates on their results 

Dr John a McCreery, New York It might be of interest to compare Dr Schul- 
Imger’s results with those of a suburban hospital of 150 beds m which most of the surgery 
is done by seven or eight men who probably have not the same average ability or experi- 
ence as the visiting staff at the Presbyterian This may be balanced by the fact that the 
community is intelligent and health conscious, as evidenced by the fact that more than 
70 per cent of our cases have been operated on within 24 hours of the onset of symptoms 

In 1941 Dr Serrell and I published in Surgery*" our results in 525 cases of acute ap- 
pendicitis operated on in the Greenwich Hospital during the period from June i, 1933, 
to December 31, 1939 In this series there were sev'en deaths, one m a patient with local 
peritonitis, the other six with diffuse periton itis All these cases died of continuing peri- 

• Surgery Vol 9, pp 349 357, March, 1941 
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toneal sepsis During the period from January i, 1940, to December 31, 1946, there were 
515 cases with six deaths In only one of these was death the result of continuing peri- 
toneal sepsis The only change in our procedure m this time is more meticulous care in 
maintaining fluid balance and the more general use of the sulfa drugs, both local and gen- 
eral, 186 of the 515 having been treated with sulfa Of the six deaths, one was m a 
patient who was admitted with an abscess , one died suddenly of massive pulmonary em- 
bolism while up and about and ready for discharge, one patient had been a hemiplegic for 
five 5’^ears and died of cardiac failure The remaining three cases were in the older age 
group, one 77 and another 70 These three complained of acute abdominal pain from 
eight to ten days after operation and rapidly dc /eloped signs of peritoneal irritation and 
obstruction At operation all three had necrosis of the terminal ileum thought to be due 
to mesenteric thrombosis All three had evidence of marked cardiovascular disease 

We all hope for a mortality of zero in acute appendicitis, but we must realize that 
with increasing longe\ity and the increasing number of patients abo\e 60 years of age, 
appendicitis may be cured and }et the patient dies of some underlying condition while 
still m the hospital These cases must be recorded as deaths from appendicitis, which is 
inaccurate unless statistics are broken dowm more completely 

Dr Rudolph N Schullinger, New York (closing) The speaker desires to thank 
Dr Bothe, Dr McClure, Dr Lockw'ood, Dr Penberthy, and Dr McCreery for their 
interesting and informative comments Dr McClure’s record is one tow^ard which all of 
us are attempting to strive Dr Lockwood dilated on the protective mechanism in peri- 
tonitis, which of course arouses the attention of us all Dr Penberthy’s report on the 
mortality m children is interesting, particularly in view of Dr Taylor’s study at the 
Babies’ Hospital in Columbia Medical Center In the period from 1935 to 1939 he found 
two deaths, and from 1940 to 1944, two deaths So he was not certain w'hat role some of 
the new'er methods of treatment might play in reducing the mortality amongst children 
Dr Bothe’s comments shed additional light on some of the responsible factors in appen- 
dicitis mortality betw'een the time of onset of the acute attack and the time of operation 
Delay and catharsis are not always the patient’s fault Dr McCrecry’s figures are illus- 
trative of the good w^ork accomplished by smaller staffs m smaller institutions, and one 
sincerely hopes this is true for all other similar hospitals throughout the country 
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STUDIES UPON SPINAL CORD INJURIES* 

I The Development of Automatic Micturition 

John Martin, M D and Loyal Davis, M D 

Chicago, Ili, 

PROM THL DEPARTMENT OP SURGCRT NORTHWESTERN UNIVERSIT-V MEDICAL SCHOOL 

Many or inn complications which arise from injury to the spinal cord, 
other than the paraplegic state, have an important bearing upon the prognosis 
of the patient The function of the urinary bladdei , the occurrence of root, 
visceral, and diffuse burning pains, the development of mass reflexes and 
spasms, dysfunction of the autonomic nervous system, the treatment of 
decubitus ulcers , urinary tract calculi, and the many psychological and 
emotional pioblems which beset the patient aie some of the factors which 
seriously affect his rehabilitation The care of the patient with a spinal cord 
injury is not solely one of attempting to make him walk He presents a 
serious general medical pioblem and requires the combined efforts of those 
well-trained in every field of medicine and surgery Fortunately, some of 
these patients impiove so that these effoits need not be specifically concen- 
trated but the majority requiie continued, careful supervision to insure their 
maximum rehabilitation 

Our studies are based on an experience with 471 patients with injuries 
of the spinal coid Of these, 416 were patients injured in military service 
and 55 were civilian patients Of the military patients, 1 15 were examined and 
studied in an oversea theater of war as early a^ one hour to two or three 
weeks aftei injury and as late as 122 days after injiiiy Satisfactory follow-up 
data has been maintained upon 18 of these patients The other 301 patients 
weie observed m a Veterans Administration Hospital and their histones in 
some instances cover a period of five years following injury The civilian 
patients have been obseived m certain instances foi as long as 20 years 
Among the patients of a mihtaiy status, 295 received open wounds of the 
spinal cord from bullets or shell fragments, while 121 suffered closed injuries, 
exemplified by the common fracture-dislocation of the spine Among the 
civilian patients, only eight were injured by open wounds, and 47 sustained 
closed injuries of the spinal cord In the two groups of patients with the 
closed type of injury, traffic, diving, and wrestling accidents were most 
common 

The establishment of efficient urinary function is one of the primarj^ goals 
in the care of the patient with an injury of the spinal cord It avails little to 
rehabilitate the patient successfully in various other spheres if eventually he 
does not have adequate control of his urine, for 111 such a chronically disabled 
patient the inability to void with some means of control will alone prevent his 
return to a socially acceptable state Furthermore, proper urinary function, 
in so far as it can be developed, is important for the preservation of life itself 

* Read before the American Surgical Association, March 25, 1947, Hot Springs, Va 
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THE IMPORTANCE OF EARLY CARE 

Urinary function m our patients has appeared in one of the following five 
forms (i) early return to normal micturition, (2) eventual return of 'partial 
voluntary control of micturition, (3) involuntary dribbling of urine, or the 
frequent uncontrolled passage of very small amounts of urine, (4) absolute 
retention, a less common situation, and (5) automatic 01 reflex micturition, 
entirely free of any voluntary efifort of the patient If complete, normal urinary 
control, or partial voluntary control aided by special efforts on the part of the 
patient to empty his bladder, can not be obtained, the ideal condition is that 
of automatic micturition Proper care of the bladder in the early stages of 
treatment is most important to insure the development of reflex emptying of 
the bladder when any return of normal power is impossible Under ideal 
conditions an indwelling urethral catheter placed immediately after injur}^ 
properly serviced, and connected w’lth a tidal drainage apparatus adjusted for 
the particular needs of the patient, wull lead to automatic micturition wnthin 
a few weeks The shortest period for such reflex function to become estab- 
lished in our patients was at the end of five weeks, in a patient with a lesion 
at the fourth thoracic cord segment Such function w'as established m one 
patient wuth a complete lesion of the conus medullans and cauda equina at 
the end of two and one-half months In both instances the patient had no 
other type of bladder drainage than that of a small caliber Foley cathetei 
Tidal drainage was used from the beginning, urinary sepsis w^as kept at a 
minimum, urinary calculi did not develop, and the nutritional state of the 
patients remained good In numerous instances we have found proof of the 
efficacy of the indwelling catheter with tidal drainage not only in the estab- 
lishment of automatic micturition but also as an aid in restoring partial 
voluntary control In no case did automatic micturition develop while a 
suprapubic catheter w as in place On the contrar} , many patients developed 
such urinary control follownng the removal of the suprapubic tube, placement 
of an indw^ellmg catheter and training for a period of time thereafter with 
tidal, or carefully controlled manual drainage Severe urinary infection soon 
after injury was found to prolong greatly or obviate completely the develop- 
ment of automatic micturition, and such an infection many times has been 
observed to destro}’- an already w'ell established automaticity 

Among the patients of military status, various methods of urinary drain- 
age had been used in the early days and wrecks of treatment These included 
(i) allowing the bladder to distend and overflow, (2) manual expression, 
(3) perineal urethostomy, (4) suprapubic cystostonn, (5) repeated urethral 
catheterization, and (6) an indwelling urethral catheter The exigencies of war 
alter treatment, but it is a moot question as to whether suprapubic drainage 
IS necessary for purposes of transportation Ample evidence is at hand that 
many suprapubic tubes, ostensibly placed for such purposes, were initially 
placed too high or too low and thereafter neglected so that the\ became the 
source not onl) of se\ ere urinar) sepsis but also of the additionaf complication 
of bedsores Petrofl^ and other recent writers have pointed out the fact that 
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the elimination of the supiapnbic tube, repugnant to most patients, is an 
important factoi m the improvement of the patient’s morale When a com- 
parison IS made between the advantages of early indw'ellmg catheter drainage 
and prolonged supiapubic diamage, it is immediately obvious that automatic 
micturition is encouraged by the use of the mdw'elhng catheter and made 
impossible by the suprapubic tube 

THE LEVEL OF THE LESION 

Automatic micturition ma}' occur in the presence of a complete lesion at 
any level in the coid or cauda equina In 77 patients with cervical lesions, ii, 
or 14 3 per cent, eventually developed automatic micturition In 288 patients 
w'lth lesions at various levels of the thoracic cord, 97, or 34 per cent, eventually 
developed such reflex activit}' In the 106 patients with lumbo-sacral lesions, 
17, or 164 per cent, developed automaticity Under favorable conditions, 
therefoie, automatic micturition may develop and continue regardless of the 
level of the lesion It is not uncommon for the automaticity to be mteriupted 
and require a secondar}' period of training w hen such complications as urmar} 
sepsis, calculi formation, nutritional debility, decubiti, 01 severe mass reflexes 
occur Automatic micturition develops most rapidly w hen the lesion lies below' 
the 7th cervical cord segment and above the 5th thoracic There is an increase 
of the time required for its development as the incidence of the lesions descend 
into the low'Ci thoracic cord, and most patients wnth lesions of the conus 
medullaris or of the cauda equina require from 8 to 20 months, or longer, 
to develop automaticity Therefoie, our experiences corroborate the fact 
pointed out many years ago by Head and Riddoch- that the completely 
isolated bladder without any intact distal segment of spinal cord can under 
the proper conditions develop and maintain the state of automatic reflex 
emptying 

Severe retention, as well as frequent dribbling of urine, wnth large residual 
capacities up to 1,200 cc in either condition, has been observed in the presence 
of a complete or partial lesion, at any level of the cord or cauda We have 
found numerous instances of dribbling with high grade retention in many of 
our patients with cervical or thoracic cord lesions whose early care was 
punctuated with many complications, or who were early denied the benefits 
of an indwelling urethral catheter and tidal drainage training The occurrence 
of severe mass spasms of the extremities is of common occurrence ivitli lesions 
of the cord, and severe spasms usually so affect the bladder that it takes part 
in the general somatic spasm and tends to evacuate small amounts of urine at 
frequent intervals Under such conditions it may contract down to a very small 
capacity, usually with little or no residual These mass spasms affecting the 
bladder and lower extremities are of deci easing incidence as the lesions descend 
the cord and cauda below' the loth thoracic segment 

In the presence of lower thoracic or caudal lesions, where there is still 
some power of contraction m the abdominal muscles, the patient is aware of the 
need to void by such signs as a feeling of abdominal distention, burning 
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tenseness in the genitalia, suprapubic cramping sensations, or tenseness, burn- 
ing, and drawing sensations in the lower extiemities When the lesion lies 
above the 9th or loth thoiacic segments, distention of the bladder and a warn- 
ing of impending mictuiition may be manifested by such signs as flushing of 
the face, arms and chest , perspiring on the upper half of the body , a feeling of 
sudden heat over the face and neck, nausea, or sudden severe headache In 
the rare patient these latter signs may also be present with lower thoracic or 
caudal lesions, but m any event the symptoms aie piomptly relieved upon the 
emptying of the bladder Upon becoming awaie of such signs, many patients 
can initiate ui matron by such extravesical stimuli as massaging the lower 
abdominal wall, rubbing the skin of the inguinal region, tugging on one spei- 
matic cord, or pinching the skin of the thigh Patients wnth lesions of the 
conus or cauda do not respond as leadily to such extravesical stimuli as do 
those with highei lying lesions Yet if they are unobstiucted at the bladdei 
neck they may eventually develop some particular stimulus which wall aid 
starting of the uiinaiy stream, and wdiile their automaticity is less likely to be 
efficient, they can aid the emptying of the bladder by suprapubic piessure 
and by holding the breath and tensing the abdominal muscles 

In those patients who void every 2 to 15 minutes 1 11 sm all amounts and 
who usually hold a large residue of uiine, the least straining such as coughing, 
sneezing, laughing, or hearing a sudden loud noise may cause them suddenly 
to wet themselves Such patients are therefore forced to keep m place a 
urinal, to wear a clamped off urethral catheter, to use a penis clamp, or to 
wear a rubber urinal, none of which is an ideal situation 'for the control of 
the urine Many of these patients are found to have greatly hypertrophied 
bladder necks, and the operation of transui ethral resection of the ring of 
hypertrophied muscle has been successful in tiansforming such patients into 
a state of automatic mictuiition, w'lth almost complete emptying every one to 
three hours They are fiequently relieved, also, of the uncomfortable burning 
m the groin, flushing of the face, peispiration and headache wdiich accompany 
such frequent spasmodic attempts of a bladder’ working against resistance 
Not only is the patient freed of a restraining and embairassmg condition, but 
the bladdei , without a high residual urine, shows a much cleaner urine follow^- 
ing such an operation 

The amount of residual urine in the automatic bladder varied widely 
among our 471 patients Of these patients 26 3 per cent, or 125, eventually 
developed automaticity, 01 had it over a period of time during some phase 
of their obseivation Residuals have been found varying from a few cubic 
centimeters to as high as 500 cc It can not be said that a bladder wffiich acts 
reflexly every twm or thiee hours but wffiich leaves behind a high residual 
content is a successfully functioning bladder, and residuals as low as 50 cc or 
less may lead to sepsis or calculus foimation It has been common to find 
patients who were discharged to their homes for a period of time, wuth good 
automatic bladder function, return to the hospital weeks or months later wuth 
nutritional difficulties, decubiti, or urinary sepsis, wath complete or nearly 
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complete loss of then automatic micturition We have been impressed by the 
ease with which automatic activity of the isolated hladdei is altered or lost 
Such reflex activity needs constant aid and supervision, but even once lost it 
can be re-established by patient care through the use of an indwelling catheter, 
tidal drainage or caiefully managed manual iiiigation, and the elimination of 
such complications as have been named 

THE EXTENT OF THE LESION 

It IS not always possible to deteimine accuiately the degree of residual 
neurologic function m the incomplete lesion of either the coid or the cauda 
equina, and likewise the degiee of voluntary control over urination can not 
always he detei mined Any patient who can actually feel the passage of urine 
within the uiethia obviously is not voiding by automatic mictuiition, though 
It is tiue that in such patients the act may be started h}’^ an extravesical stim- 
ulus such as massage of the gioin Partial voluntaiy control and the effec- 
tiveness of extravesical stimuli may exist simultaneously Urinary sepsis, cal- 
culus formation, and a laige amount of residual urine maj exist in these 
patients as they do m those wnth complete neurologic lesions 

One patient w'as seen who sustained a stab wound of the spinal cord at 
the midthoracic level, w'lth a resulting most accurate Browm-Sequard syn- 
drome At no time did he ever have any loss of voluntary control over 
urination Four othei patients wdio sustained shell fragment wounds of the 
low^er ceivical and upper thoracic cords with a pi eduction of modified Browm- 
Sequard syndromes w^ere seen early after injury, and they likewise did not 
suffei any urinary difficulties 


SUMILARY 

Automatic micturition w ill develop follow mg a complete lesion at an} level 
within the spinal cord or cauda equina It appears earlier and with greater 
efficiency in the presence of lesions betw een the levels C 7 and Th 5 It does 
not appear in the presence of incomplete lesions of the cord, though the effect 
of extravesical stimuli on the initiation of urination may be quite similar in the 
case of either a complete or partial lesion Extravesical stimuli are in any 
event less efitective m the presence of lesions below' the loth thoracic segment 
Automatic micturition may occui with remarkable regularity at intervals as 
long as three hours, but wuth veiy low' efficiency as determined by a large 
residual amount of mine Lesions of the conus and cauda do not produce the 
striking viscero-visceral leflexes, such as flushing, perspiring, headache, or 
revel se peiistalsis such as may appear m the presence of high lesions m the 
cord, and the appearance of such leflex phenomena m severe form, with or 
without massive spasm of the lowei extremities, may spell the termination of 
efficient automatic micturition 

Cystometnc examination at regular intervals w ill indicate when the 
catheter may be removed to allow the tiial of automatic micturition, indicating 
that a reflex response to bladder wall tension is necessary for this activity 
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Automatic mictui ition will develop only when there is no mechanical bladder 
neck obstruction and when the sphinctei is capable of reflex i elaxation Extra- 
vesical stimuli are an aid but not a necessity to the development and mainte- 
nance of automatic mictuiition Automaticity will not develop m the patient 
with sevei e bladdei sepsis, multiple calculi, or a condition of severe debilitation 
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THE CONTROL OF CANCER =< 

A W OUGHTERSON, M D. 
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INTRODUCTION 

The death ioll erom cancer has been steadily rising, chiefly clue to 
the older average age of the population, and last year there were 181,000 dead 
Since cancel is not a leportable disease, there are no accurate figures on 
incidence, but surveys^ indicate there are approximately 310,000 new^ cancer 
cases each year It is estimated that there are 700,000- persons in this country 
who are under treatment for cancer at an}”^ one time There is evidence of 
increasing public interest m the control of cancer as show n by a recent Gallup 
survey, which indicated that 72 per cent of the people w'ere willing to pay 
more taxes m order to have better control of cancer 

The control of cancer requires research, education, and service to the 
cancer patient All this involves the medical profession, the hospitals, the 
public health service, nursing service, schools, universities, and other groups 
Obviously, no one agency, governmental or private, has sufficient resources to 
cope with a problem of this magnitude The necessity for seeking the assistance 
of all groups is apparent The keynote of effective cancer control must be the 
cooperation and coordination of all groups dedicated to this task Since the 
voluntary health agency exists for the purpose of assisting the people to meet 
a health menace not controlled by other organizations, its most important 
function may be as a coordinating agency 

The American Cancer Society may best serve the people and the medical 
profession by remaining a dynamic force, so flexible that it may render 
assistance wherever the need is greatest, rather than to become static by 
assuming a permanent maintenance responsibility Its most valued service 
may be to show the need, point the w^ay to better cancer control, and demon- 
strate the method by which this may be achieved The ultimate goal of the 
voluntary health agency is to bring disease under control, and so to eliminate 
itself by removing the reason for its existence 

overall planning 

The need for a more intensive effort to contiol cancer is apparent The 
scope of the various activities involved in the control of cancer is so great 
that no one group, the medical profession, the U S Public Health Service, 
the American Cancer Society, or the private foundations can accomplish the 
goal unaided For this reason there is a need for a cooperative, coordinated 
effort within the framework of an overall plan of attack This is necessary if 
the most effective use is to be made of our limited resources, men, and material 

Funds available for the su pport of cancer research in the past have been 

rRead before the American Surgical Association, March 25, 1947, Hot Springs, Va 
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inadequate, but even if adequate financial suppoit were available, overall plan- 
ning; US needed in the inteiest of economy and efficienc}^ During the year 1946 
the funds available foi cancel leseaich were as follows 


American Cancer Society $2,500,000 

U S Public Health Service 1,772,000 

All private foundation funds 650,000 


Total $4,922,000 


Thus oui national expenditure for cancer research was at the low rate of 
$27 19 per death caused by cancer At the same time we live m an economy 
where more than this amount was spent to advertise one brand of cigarettes 
and four times this amount ivas spent for hair tonic Plainly, as a nation we 
have not given due consideration to the facts and the resources needed for an 
overall attack to control a major health menace 

There is also a shortage of trained personnel and facilities for both research 
and the care of the cancer patient Since time will be required to build labora- 
tories and hospitals and even more time to tram personnel, the need for a 
coordinated overall plan rather than competition between interested groups 
is apparent 

The control of cancer may be accomplished by two major lines of attack 

1 The maximum use of the present methods of prevention, diagnosis, 
and treatment 

2 Research for new methods 

The only methods at present available for the treatment of cancer are 
surgery, x-ra)q and radium The importance of surgery in the treatment of 
cancer, the importance of cancer to the surgeon, and the public interest in this 
problem w^arrant a discussion of the role of surgery 

In order to make the maximum use of surgery in the prevention, diagnosis, 
and treatment of cancer there are four objectives to be achieved 

I Early recognition of the signs and symptoms of cancer is necessary so 
as to cause the potential patient to seek the advice of a physician early in the 
course of the disease While this is a problem of lay health education, the 
content of knowledge is medical Further, while this problem more properly 
lies within the field of activity of the lay educator, the general practitioner, 
and the internist, the surgeon because of his wider experience m the treatment 
of cancer has a responsibility in promoting such education Unfortunately, all 
cancers do not give early signs and symptoms, or they exist in a part of the 
body where they cannot be seen or felt by the patient For some time, regular 
semiannual physical examinations have been advocated to meet this problem 
Cancer detection centers or prevention clinics have been set up in New York, 
Philadelphia, Chicago, and other cities These clinics have reported finding 
approximately i 5 per cent of cancer in supposedly well persons This is more 
cancer than has been estimated to exist in our population Statistics as to the 
incidence of cancer, however, are so inadequate that these figures may be 
more nearly correct than the previous estimates Macfarlane^ found 10 can- 
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cers in 10,325 examinations in 550 female volunteers, an incidence of 2 per 
cent or o I per cent of the examinations In addition, numerous other abnor- 
malities requiring medical attention were detected Tlie>e js no doubt that 
icgulai physical examinations zvill detect many nnususpected cancels in an 
eai ly cm able stage of the disease It appears that the value of the semiannual 
physical examination should be measured in terms of the general health prob- 
lem and Its educational value, rather than in terms of cancer alone If a semi- 
annual physical examination is to become part of our national health program, 
a re-evaluation of the number of physicians required for the nation is indicated 
AiDproximately 95 per cent of all cancels are found in the 59,000,000- people 
who are over 35 yeais of age Assuming one-half hour per examination, a 
biannual physical checkup would requiie 59,000,000 physician hours, or the 
full time of approximately 30,000 physicians It should not be assumed that 
this is an impossible task because of the number of physicians requued, nor 
that cancer detection or health maintenance centei s could be put into operation 
immediately foi the entire nation Rathei it emphasizes the need for planning , 
because if such a national piogiam is to be leahzed within a ten-year period, 
we must plan now to tram the necessary personnel and piovide the required 
facilities In the meantime, the need for cancer detection in supposedly well 
persons is established, and every effoit should be made to extend its applica- 
tion There is need for data to determine the type of history and physical and 
laboratory examination which may yield the maximum lesult with the greatest 
economy 

There is an urgent need for medical schools and hospitals to establish pilot 
cancel detection or health maintenance centers to study these problems and to 
establish techniques for scieenmg large groups of the population Such pilot 
clinics may also provide an invaluable service as postgraduate teaching 
centers Medicine as a social science must face this problem, the scope and 
importance of \ihich demands an experimental approach to insuie acquisition 
of basic information 

Surgery cannot yield a high degree of success unless cancer is treated 
before the disease has spiead to distant parts It is, therefore, apparent that 
the public must know what potential cancer symptoms are so that it may seek 
aid eaily in the course of the disease It is also well established that many 
cancers do not give early symptoms but can be detected on physical examina- 
tion While the relative value of lay health education and the regular physical 
examination has not been determined, it is apparent that both are necessary 
steps in effective cancer control Finally, for those cancers which do not give 
early symptoms and which cannot be detected on physical examination, 
research is needed to establish more effective screening technics 

2 The second important objective is earl)'’ diagnosis, which is primarily a 
responsibility of the medical profession The physician is directly liable for 

* The term detection is here used to indicate the detection of cancer in supposedly 
well people who have no complaints It is suggested that the word prevention should be 
limited to the eradication of supposedly precancerous lesions 
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the delay m 25 per cent of cases and shares the responsibility with the patient 
in another 15 per cent'*’®’® While the patient is culpable for most of the 
delay in superficial cancer, the physician assumes the major responsibility ,as 
the cancer becomes more inaccessible, requiring special laboratory, x-ray, 01 
endoscopic examination This points the need foi better professional education 
in the diagnosis of cancer, since wrong advice is frequently given It also sug- 
gests that lack of availability of proper diagnostic facilities may be an impoi- 
tant factoi There is too frequently a tendency to treat cancer of the internal 
organs as a benign 01 functional lesion until proven to be otherwise This does 
not imply a knife diagnosis, but earlier and more adequate study if the cause 
of the complaint is unknown 

It behooves those of us who are teachers of medicine and surgery to inquii e 
as to why this situation should exist Are our textbooks so written as to make 
clear that cancel of the internal organs, such as the lungs and gastro-intestinal 
tract, cannot be diagnosed by the history and physical examination^ Do we 
spend too much tune demonstrating advanced cancer and too little emphasis 
on the steps necessaiy to diagnose eaily cancer^ Is the training of specialists 
on a sufficiently broad basis to make clear the danger of inadequate general 
physical examinations^ Does the instruction in physical examination make 
clear its limitations as well as its potentialities ^ 

As lay health education becomes more effective, causing an alei t public to 
seek earlier diagnosis, the diagnostic problem for the physician will become 
more difficult Has the time come to re-evaluate some of the criteria we have 
used in teaching the diagnosis of cancer m the past^ In an already over- 
crowded curriculum, is adequate time and skill devoted to the second most 
common cause of deaths 

It IS clear that the average physician is incieasmgly in need of help m the 
diagnosis of early cancer More studies are needed to indicate what type of 
assistance, in what age groups, and where it is most needed Are facilities for 
diagnosis available to the average physician adequate to meet the need ^ Have 
we devoted sufficient attention to postgraduate education for the doctor who 
IS not privileged to work in a hospital or medical schooP The Ameiican 
Cancer Society, believing that there is a need for postgraduate cancer educa- 
tion, proposes to publish a concise piofessional journal dedicated to this pur- 
pose Until such time as research makes available better and simpler methods 
of diagnosis, we have no choice but to make the maximum use of the methods 
we now have 

3 The third requirement is prompt treatment Early detection and diag- 
nosis may be of little value unless treatment is tendered promptly Procras- 
tination by either the doctor or the patient may be fatal The “shopping” 
habit of patients going from one doctor to another seeking a favoiable opinion 
and general lack of health education contiibutes to delay Also in recent yeais 
the shortage of hospital beds, with delays in admission because of long waiting 
lists, is a contributing factor 

4 The fourth objective is adequate treatment Until reseaich leveals new 
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and bettei methods of tieatment, the chief hope of the cancel patient lies in 
surgery The developments m surgery have been great and show promise of 
keeping pace with the increased demands of cancer patients if treated m time 
There is, however, a lag between the potentialities of treatment as demon- 
strated in the best clinics and the average result found m the average hospital 
available to the average patient This is of especial significance, because the 
average physician is more likely to be influenced by the results he has experi- 
enced in his own patients rather than those reported in some far away clinic 
There is a great need to study the results of treatment in larger and unselected 
groups of the population, and to find ways and means of making better treat- 
ment available to more people 

The Tumor Committee of the Connecticut State Medical Society in collab- 
oration with the State Department of Health in 1934 developed a system for 
the study of cancer in 27 general hospitals This offered the first opportunity 
to determine the effectiveness of present methods in treating cancer m a large 
section of the population The first study vas done on 1,610 cancers of the 
rectum admitted to hospitals between 1935-45 " During 1935-40 the radical 
operability was 32 per cent, and during the second five-year period it rose to 
44 per cent For the same period the largest clinic m New England leported 
an operability of 835 pei cent® During the first five-year period, the opei- 
ative mortality in the 27 general hospitals w'as 25 per eent, and during the 
second five-year period it dropped to 18 per cent At the same time the 
operative mortality for the largest clinic in New' England was under 5 per 
cent The five-year cure rate for the 735 patients in Connecticut w’as 7 9 pei 
cent m contrast to approximately 50 per cent for those patients entering the 
larger clinics 

These comparisons are not made to show' that one clinic is better or worse 
than another, or selective, but to call attention to tbe fact that the average effec- 
tiveness of oui present methods of ti eating cancel in a large group of tbe 
population IS vastly diffeient from those oidmaiily repoited m medical litei- 
ature The laiger clinics have pointed the w'aj' and demonstiated wliat may 
be accomplished It is the 1 esponsibility of those interested m cancel as a 
health menace to obtain the facts and point tbe wa}' to better treatment 

The statement has been made that 30-50 per cent of those now' dying of 
cancer could be saved by the maximum use of the present methods It is 
estimated that there are 14,000 new cancers of the rectum in this country 
each year If we assume the present five-year cure late is 10 per cent, there 
would be 1,400 cured patients each year, leaving 12,600 w'ho die w'lthin five 
years To save 50 pei cent, w'ould requne a cm ability approximately 5 per 
cent under the cure late leported by one of tbe largei clinics today It w'ould 
therefoie, appear that an attempt to save 50 pei cent of those now' dying fiom 
cancer of the rectum is not an unieasonable goal 

CANCER RESEARCH 

1 he second majoi line of attack on the cancel problem is leseaich foi 
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new and bettei methods of pievention, diagnosis, and treatment While there 
IS no longer a question of the need for cancer research, there are, however, 
difterences of opinion as to how funds ma}’' be most wisely expended, and what 
methods and disciplines are most urgently needed This appears to be a nat- 
ural consequence of the rudimentary state of our knowledge of cancer and 
diversity of interest in the problem There is, however, a consensus of the 
need for more fundamental knowledge of normal growth so as to better under- 
stand the abnormal grou th of cancer 

The present high development of surgeiy well exemplifies the wisdom of 
the flank attack versus the frontal assault Discoveries in supposedly unrelated 
fields have made modem surgery possible Fiom Pasteur and wine fermen- 
tation to bacteriology and asepsis, the chemistry of ether and laughing gas 
to anesthesia, the chemistry of aniline dyes to chemotherapy, the physiology 
of moulds to penicillin, these aie all examples of the potential benefits of the 
prepared mind on a broad research fiont At the same time, the rapid devel- 
opment under w'artime pressui e of penicillin and blood substitutes are effective 
examples of the frontal assault by planned developmental techniques 

THE SCOPE OF CANCER RESEARCH 

The complexities of the problems and the varied disciplines lequired all 
suggest the need for coordinated and integiated effort For these reasons the 
American Cancel Society turned to the National Research Council’s Com- 
mittee on Growdh for advice and guidance in planning its research program 
The Committee on Growth is composed of 19 members with an executive 
committee, the members of which are chairmen of the divisions of physics, 
chemistry, biology', clinical investigation, chemotherapy, and fellow'ships Each 
division IS composed of a number of panels made up of specialists in their 
respective field of research The Committee on Growth, together with the < 
panels, numbers 120 scientists representing 48 different universities and 
laboratories Requests for grants-in-aid are received by the secretary of the 
Committee on Growth at the National Academy of Sciences m Washington, 

D C , where they aie channeled through the various divisions and referred to 
the panels best qualified to advise on the research for which funds are 
requested 

Thus requests for grants-m-aid receive careful study by experts m each 
panel, and the chairman of each division presents his recommendations to the 
executive committee for final consideration, so that funds may be allocated 
according to the oveiall need It is hoped this plan will insure that the most 
promising research receives adequate support, that duplication of effort may be 
avoided, and that eventually a better coordinated and integrated attack on 
cancer may be developed 

It is recognized that gi ants-in-aid may not provide sufficient latitude for 
the development of cancer lesearch It is expected that grants may be initiated 
to stimulate research m responsible institutions with established reputations 
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and that such funds may be used within a limited but less restricted field than 
the grants-in-aid 

Finally, as the need arises, it may be necessary to provide funds for devel- 
opmental research, using more intensive or compartmentalized methods within 
institutions especially equipped and staffed for this purpose 

There is a shortage of personnel trained in the disciplines needed in cancer 
lesearch In order to fulfill this need the American Cancer Society has made 
funds available for research fellowships up to a maximum of $6,000 per year 
for senior fellowships Beyond this, it is hoped that more permanent posts 
will become available in the various universities and laboratories It appears 
that one of the leasons for the scarcity of qualified personnel may be that in 
the past cancel research has been so frequently a dead-end street academically 
It IS essential that opportunity be piovided for adequate careers in this 
difficult field of investigation 

There has been much discussion as to the place of cancer research m med- 
ical schools and whether departments of oncology are justified It is fre- 
quently obseived that no one individual can be competent in the whole field 
of cancer The same leasomng could be applied equally well to a professor 
of medicine or surgery and in fact, this is acknowledged by the subdivision 
of these departments It appears that a serious approach to the stud}'^ of 
cancer cannot long remain an avocation, and it is likely that tradition wall 
make a place foi new ideas within the old framework 

The study of cancer began at the bedside of the patient It moved to the 
mortuary and the laboratory, but finally it must return to the patient Clinicians 
are the custodians of the care of patients, and hence have a grave responsibility 
in cancer research Theirs is the task of promoting research in this difficult 
field at the bedside The study of cancer in the clinic has yielded the only 
effective modes of therapy yet available, and among these is surgery The 
surgeon must now assume his obligation by participating in the teamwork 
needed to bring together the varied disciplines requiied in the new and 
highly specialized technics of clinical investigation 
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Discussion — Dr E P Lehman, Charlottesville, Va You have heard presented 
in very brief form the program of the American Cancer Society The surgeon comes 
closer to the cancer patient, if only because of the need for biopsy, than does any other 
group in medicine For that reason the American Cancer Society, and especially its Med- 
ical and Scientific Committee, recognizes the importance of having its program presented 
to and understood by this most representative group of surgeons of the country I know 
and Dr Oughterson knows that there are members of this Association who have in the 
past expressed disagreement with the aims and policies of the American Cancer Society 
There may be good reasons for such disagreement The Society m growing in two years 
from a corporation spending $800,000 a year to one spending $10,000,000 a year has made 
mistakes It needs the wdiolehearted support of the surgical profession The Medical and 
Scienhfic Committee wull, therefore, w^elcome constructive criticism from any member of 
this body transmitted through Dr Oughterson Cancer is the leading problem of the sur- 
geon today The American Cancer Society is in a sense your instrument in a program of 
cancer control in wEich w'e are all so vitally interested 

Dr a W Oughterson, New' York (closing) I can only second wdiat Dr Lehman 
has said Ours is a common effort against a common enemy, devoted to the common pur- 
pose of trying to find a common solution It is our earnest desire to promote the control 
of cancer in the best interests of the medical profession and the nation, and we welcome 
your assistance and advice at all times 
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1 THE SPECIALTY OF ANESTHESl 

Factors thai influence the specialties of medicine in large part shape 
medical practice It is desirable, therefore, to consider the factors of current 
importance in the development of anesthesia In this, emphasis will he placed 
on the problems of the university and the university hospital The anesthetist 
can occupj'^ a fortunate 'position in these and in other institutions, if he will 
take advantage of his opportunity I should like to he specific , that is, to set 
dowm wdiat this opportunity seems to be at the present time, in terms of the 
strength and the weakness of anesthesia as a specialty, and then to desciibe, 
as a working example, how' the views presented heie have been put into 
practice in the organization and development of our Department 

In the first place, one must admit that a stigma is attached to anesthesia 
To deny this is to evade the facts It does exist, it need not The plain fact 
is a stigma w'lll continue to he present until anesthesia can attract its share of 
able men, men who are as able as those who go into other fields of medicine 
Great progress has been made by those w'ho have been leaders m anesthesia 
over the past 20 or 30 years Their good w ork needs to he built on and car- 
ried forward Clearly the central problem of anesthesia as a specialty is how’ 
to attract good men Some aspects of this w'lll be discussed Grim denial that 
the field has weaknesses has not hidden them It is better to face them, but at 
the same time some of the strong points of the specialty can be considered 

SOME AVEAKNESSES 

Technics Alone Aie Not Enough Anesthesia is not rich m technics, 
nowhere nearly as rich as surgery is This m no way minimizes the impor- 
tance of the essential anesthesia technics, but to try to attract good men on 
this basis alone is to fail To insist that as much time is necessary for the 
technical training of the anesthetist as of the surgeon is to take an indefensible 
position And yet such stands are common 

Although experience over considerable time and lange of material is 
required for expertness, anesthesia technics can be masteied by ordinary men 
who are ordinarily deft, with only a modest requirement of intelligence and of 
knowledge and of judgment As clinical anesthesia is taught today there is an 
almost overw'helmmg preoccupation w'lth tools and their use Current teaching 
too often stimulat es only a pursuit of technical skill 

Read before the 'American Surgical Association, March 25, 1947, Hot Springs, Va 
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Anesthesia ^^as developed in the chnic and has been nourished chiefl}'' by 
clinicians This may be pait of the trouble In recent years medical specialties 
have, to a great extent, grown through laboratory advances Anesthesia has 
not fared as well on its clinical nourishment as other specialties have on a 
richer diet Men uho are occupied entirely in the clinic have neither the 
time, nor in many cases the training, to furnish their specialty with the 
vitality it needs for growth 

The Lahojatojy vs Chmcal Empinasm In anesthesia we see an example 
of what happens w hen medicine attempts to advance chiefly through the clinic, 
inadequately conceined with basic problems It is inefficient, it advances by 
trial and erior The weakness of this is measured in terms of lives needlessly 
lost But the discouraging fact is that anesthesia must continue to depend 
greatly upon empiricism, at least foi the time being The almost complete 
mystery sui rounding the mechanism of the anesthesia process itself and the 
invulnerability of the mystery to such attacks as have been made upon it, have 
done much to discourage investigation in this complex field 

Perhaps more than any other factor, the development of anesthesia has 
been delayed b}'' our ignorance of the anesthesia process One can liken the 
position of the anesthetist when confionted by the anesthesia process to that of 
the internist when confronted by a disease of unknown etiology Under such 
circumstances the inteinist must be guided by symptomatology, and m acting 
on this basis he may be quite successful Similarly, the anesthetist's handling 
of the anesthesia process can be conducted with considerable success on a con- 
trolling basis of symptomatology But just as the internist’s treatment of 
disease usually becomes enormously more efficient once he understands its 
etiology, so will the handling of anesthesia become much more precise once u e 
understand the mechanism of the anesthesia process 

With the advance of science, even though the mechanism of the anesthesia 
process remains obscure, rational procedures in anesthesia are possible, yet 
anesthetists are often so dominated by traditional use of the empirical that they 
pass by opportunities for rational proceduie They have reached out and 
taken, for example, agents from the chemist and applied them hit or miss in 
anesthesia, disregarding the information available from the physiologist and 
pharmacologist and pathologist concerning these same substances, at the 
expense of lives A search through the literature of anesthesia reveals little 
rational basis for much of it 

There is no need to labor the point that the achievements of modern 
medicine are greatly indebted to the laboratory The only thing to remark is 
that here, at least until recently, an important division of medicine often 
disregarded it 

Fundamental Advances Have Raiely Been Made hy Anesthetists Too 
few of the chief woikeis m anesthesia have been cieative m the sense of mak- 
ing fundamental contributions to the specialty Anesthetists have developed 
and polished and increased the efficiency of processes discovered or created 
by those vhose chief interests lie in othei fields Anesthesia has had to depend 
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upon casual contributions from other workers These other men have provided 
the spark , anesthetists have, m the main, only fanned it And herein, it seems 
to me, lies one of the most serious shortcomings of the specialty, a shortcoming 
that must be collected before anesthesia can mature as a specialty It is, 
surely, a great service to mti oduce advances from other fields into anesthesia 
That IS not the point To live a vigorous life a specialty must have not only 
those who can apply the developments of others but also those who can 
create new ones As long as its intellectual life is parasitic, the specialty will 
never develop satisfactorily 

ANESTHETIST AS INVESTIGATOR 

The anesthetist may he a third-rate investigator oi he may be a good one , 
but if his abilities and standards are high, he can be an invaluable associate of 
the professor of pharmacology The final evaluation of all drugs used m man 
must be made in the clinic The pharmacologist needs and ought to use his 
clinical associate quite as much as the other w'ay around 

Well-established examples indicate that fundamental contributions m 
physiology are coming fiom new sources Basic information is coming out of 
the clinic and at the hands of clinicians I ventuie to say, as examples from 
my owm hospital, that the conti ibutions of Fullei Albright to the physiology 
of the endocrine glands are important, that Walter Bauer know's more about 
the physiology of the joints than anyone else Human physiology turns out 
to be less comparable to that of the dog or the frog than some have supposed 
A few years ago a distinguished anesthetist, speaking in Boston, empha- 
sized the importance of anesthetists sticking to the clinic and passing up any 
urges to do fundamental experimental w'oik These remarks of his w'ere chal- 
lenging, and coming from such a source, deserve consideration But the) 
Ignore a trend in modern physiology the shift of emphasis from animal 
physiology to human physiology, dependence wdiere possible upon observations 
made in man rather than upon observations in animals There are a numbei 
of problems that the w^ell-trained, soundly giounded anesthetist is in a better 
position than almost anyone else to investigate, granting that he is not over- 
whelmed by routine w^oik and that he possess the native ability and energy to 
do original work of good quality 

The physiologic response of man to drugs must often be tested out in 
hospitals where “basic” scientists rarely appear If the trends of medicine show' 
anything, they indicate that the anesthetist wdio heads a university’s depart- 
ment ought to be capable of piofiting by his oppoitumty to study man In 
hardly any field of clinical medicine is such opportunity greater or its utiliza- 
tion more urgently needed than it is in anesthesia Both basic scientist and 
clinician can make impoitant contributions to the field of anesthesia It is the 
obligation of the man w'ho heads the university’s department to do so 

The technical demands of surgery are so gieat that the successful suigeon 
wall not often have adequate time to carry on investigation It is one of the 
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great advantages of the field of anesthesia that the anesthetist can have such 
opportunity 


ANESTHETIST AS TEACHER'*' 

Why should anesthetists completely relegate the basic instruction in their 
field to others (pharmacologists) ^ Is anesthesia so encumbered with diffi- 
culties, exacting technics, and demands against time that there is no oppor- 
tunity for practitioners in this field to encompass the full demands of the 
specialt) ^ If all responsibility for basic instruction m the field is given up, 
this will take away much of the intellectual interest and leave the technics 
These alone vill rarely attract the good man Such action if embarked upon 
generally will give a disastrous blow to the specialty It would be inaccurate to 
deny that this tendency is present, but isn’t its very existence the result of 
too narrow a view of the field ^ 

Is the university, then, to relinquish in the field of anesthesia all scholarly 
intent and say, in efiect, bring on your technical specialty, admitting that m 
this division the university will give up its traditional ideals of scholarly 
workers in all of its parts and accept here a sort of trade-school level as the 
best It can do^ 


ANESTHETIST AS CLINICAL SPECIALIST 

There is a clinical pioblem of compelling interest m this field Most able 
men will not find it in the repeated application of clinical technics, but in 
applied pharmacolog)% in the hazards and rew'ards of translating material from 
the basic sciences into clinical use To succeed m this sensibly and safely 
requires insight and judgment Clinical anesthesia offers a continuing interest 
of this kind 

Anesthetists must assume widei burdens than those of clinical anesthesia 
in its specific sense The treatment of shock, resuscitation (and this includes 
aspiration bronchoscopy), certain problems of aviation medicine, gas therapy 
of various kinds, sedation , these are all reasonable clinical fields for the anes- 
thetist Anesthetists can be the physiologically-minded guides of therapy in 
preparation for, during, and immediately following the rigors of surgical 
intervention A broad medical background is indispensable for this, as for 
leadership m other fields The importance of this essential background is often 
unwisely minimized by anesthetists 

The act of surgery is a complicated thing, influenced by knowledge and 
judgment, of course, and by various physical elements— -hemostasis, asepsis, 
anesthesia Whether anesthesia is or ever shall be a distinct specialty interests 
me very little This is by no means a casual dismissal of the importance of 
anesthesia, it is an affirmation that cbmcal anesthesia is an integral part of 

* Details concerning teaching are discussed in the following section on the “Harvard 
Universit>— Massachusetts General Hospital Department of Anesthesia ” 
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surgery, as iiiscpaiable fiom it as hemostasis Jf one accepts this view, it 
seems to me that w^hat validity theie is in the claims of anesthesia to being a 
separate specialty lies m its administiativc lequiiements and in its teaching 
and developmental aspects, more than m its clinical applications To relinquish 
the teaching and developmental, as some do, is to leave little but the technical 
If anesthesia is to be a specialty, then it must encompass all of these things 
Herein, of course, lies the great vulnerability of anesthesia as a separate disci- 
pline Unless Its base is broad enough to include these things, its separateness 
as a specialty may collapse, for if limited to its clinical activities alone, it wall 
rarely attract the good men wdio are essential to its development as a specialty 
I emphasize again that such a concept does not minimize in the least the impor- 
tance of anesthesia 

This concept has the not inconsiderable advantage of emphasizing a point 
too often lost sight of by the anesthetist That he is a physician engaged in the 
practice of medicine, not a free agent rattling around in an isolated domain 
Too often the anesthetist becomes so preoccupied with the technics and tools 
of his field that he loses his interest m medicine and w’hatever knowledge he 
had of It 

There is a tendency to permit the anesthetist to become established as a 
“specialist” without the broad apprenticeship of general hospital training in 
medicine or surgery required of all other men wdio look forward to activity as 
specialists It is difficult to see how' any man can claim to be a sound 
specialist m an} field of medicine w'lthout this essential foundation 


ANESTHESIA IS AT ONCE SIMPLE AND COMPLEX 

The very ease w'lth wdiich the simplest forms of clinical anesthesia can be 
administered has until recent years allow'ed almost the entire specialty in this 
country to rest in the hands of nurses, or physicians w'hose equipment is 
mainly limited to the technical, individuals w'ho could not be expected to 
make advances This statement is in no w'ay intended to reflect upon their 
faithful and in many cases competent services m allaying pain , but so far as I 
know, no nurse has ever made a single contribution to anesthesia In the 
hands of nurses, and in the hands of many physicians as w'dl, anesthesia is a 
craft, a craft often beautifully perfected in some of its aspects, but not the 
part of medicine it might be (The nurse anesthetist w'lll be considered fui- 
ther, under the hospital’s department ) 

On the other hand, the first-rank pioblems of anesthesia are as funda- 
mental. and as difficult, as any in medicine The anesthesia process is inex- 
tricably bound up with irritability of tissue, one of the most fundamental 
characteristics of life As Lillie pointed out years ago, the problem of the 
general nature of anesthesia is inseparable from the wader problem of the 
nature and conditions of irritability m general Anesthesia, m its influence 
on cellular tissue, on the nervous system, provides an excellent tool for study 
of many physical and mental processes 
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THE EUTUKE 

Some departments of hospitals cairy a gicat buiden of routine technical 
procedures Examples are the departments of pathology, roentgenology, anes- 
thesia The routine work on these services cannot be cared for by volunteers 
as on the medical or surgical services where the volunteers’ rewards are great 
Insofar as one can look into the future, it seems probable that active university 
hospital departments of patholog)^ and roentgenology and anesthesia will 
contain two distinctly different groups of men working side by side 

Men in one group will be attracted and held by large salaries, for which 
the} wall give up leisure and freedom of activity in their specialty Men in this 
group wall carr}’- the burden of hospital routine in their respective fields ( Some 
of these men will also be valuable as teachers ) 

In the other group men will have, ideally, freedom from routine duties, 
freedom to pursue w hatever investigations they wash, wath only enough routine 
w’ork to keep serviceable their already mastered clinical technics (This is 
essential if they are to speak wath authority on clinical matters ) Their 
recompense wall be not in salary, wdiich wall be low% at least during their 
developmental period, but their rew ard wall come in freedom from overw'helm- 
ing routine duties, in an environment where they can grow^ m intellectual 
stature and in academic achievement 

Unless anesthesia is taught m terms of principles, it can hardly rise above 
the status of a craft The university cannot be expected to foster anesthesia 
based upon the standards of the clinic alone Anesthesia must develop schol- 
arly aims and standards, characteristics, of university caliber before it can 
expect the patronage of the university 

Great efforts are being made at this time to increase the prestige of anes- 
thesia as a specialty, how successful these wull be remains to be seen Cer- 
tainly, present accomplishments must be and wall be more widely distributed 
in the future than at present I am not speaking of this aspect The present 
efforts to develop anesthesia as a specialty are too limited, so far, to improving 
the clinical side alone Truly this has needed and still needs improvement 
There can be no question about this The efforts that are being made are of 
great importance, as far as they go But a specialty that has poverty of intel- 
lectual interest can scarcely become mature How' can any field that leaves 
nothing for the imagination to dwell upon expect any but the dullest candi- 
dates ? To attract good students, a specialty must offer more challenging mat- 
ters than those dealing wath judgment and technic alone, indispensable as 
these are to the conduct of good clinical work Opportunities for intellectual 
adventures must be presented Such opportunities are abundant in anesthesia 
They need exploration 

n THE HARVARD UNIVERSITY-MASSACHUSETTS GENERAL HOSPITAL DEPARTMENT 

OP ANESTHESIA 

Probably no two departments of anesthesia are or should be alike, but 
from the inquiries that are made concerning the principles and details of 
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organization of this one, an account of it may be useful, since it differs in 
many lespects from the traditional In several instances views that have been 
already expressed in the preceding section will be referred to here, even 
summarized briefly for clarity and for emphasis in the new context of this 
section 


pxmPOSES 

The Chief of the Department, as a Professor in Harvard University, has 
the obligation to teach and to do oiigmal work As the Director of a Hospital 
Department he must provide the best possible anesthesia for the Hospital and 
carry on postgraduate training in clinical anesthesia These fourfold activities 
will be discussed in detail , so also will the financial arrangements that make 
them possible But first the principles that underlie the organization will be 
described (There is some inevitable overlapping m the four categories 
mentioned ) 


PRINCIPLES AND DETAILS RELATED TO INl-^ESTIGATlON 
IN THE UNIVERSITI ’S DEPARTMENT OP ANESTHESIA 

1 A great opportunity is afforded there to carry on studies in human 
pharmacology A close association between the Professor of Anesthesia and 
the Professor of Pharmacology is desirable and an advantage to both This 
should lead, not only to original u ork of dictmction, but also to smooth clinical 
application of pharmacological and other basic advances This requires judg- 
ment and insight of a high older A close association between the clinic and 
the laboratory is Cosential if piogiess is to come 

2 It is the obligation of the University to choose as Professor of Anes- 
thesia a man who is capable of doing original work of high quality He must 
be provided with the time and equipment for work, and freedom from 
engulfing routine 

3 The chief intellectual stimulus in the field of anesthesia comes from 
investigation For this leason, since a real intellectual challenge is necessary 
to attract good men, it is more important that the Professor of Anesthesia 
have the oppoitunity to carry on reseaich than it is, say, for the Professor of 
Surgery (The field of surgery is rich in resouices and can attract good men 
for many reasons ) The chief hope of attracting good men to anesthesia as 
well as hope for giowth of the field lies m investigation 

4 Anesthesia, m being relatively simple tecbnically, fails to attract good 
men on this basis and is at the same time so baffling m its scientific aspects, as 
far as the mechanism of anesthesia goes that this also discourages good men 
The only solution to this is further investigation Anesthesia must attract those 
who are capable of original work, if it is to mature 

5 It IS neither necessary nor desirable that all residents in anesthesia 
carry on so-called research It is not only desirable but necessary that those 
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^^ho aie being fitted for an academic caieei do so This presupposes that such 
men will have a flan for it 

6 Nurses have not contiibuted and cannot be expected to contiibute to 
the development of anesthesia (They work at a purely technical level, but 
so also do physicians who limit then interests to technics.) 

PRINCIPLES AND DETAILS RELATED TO ACADEMIC TEACHING 

I It IS desirable foi the Piofessoi of Anesthesia to lecture on the anes- 
thetic agents in the medical school course in Pharmacology He can thus 
stimulate the student’s interest in the academic side of anesthesia in the sec- 
ond yeai of his medical course and can add clinical interest to this in the 
subsequent } ears of the student’s training 

In the first three 3'eais of the medical course the student receives about 45 
houis of instruction in anesthesia This includes lectures, laboratory work, 
and firsthand admmistiation of ether in the animal surgery courses In the 
fourth year, v eekly anesthesia discussion groups are held during the course in 
surgery (Training of the student in clinical anesthesia on man is described 
m the following section on Clinical Teaching and Training ) 

C 2 The Professor of Anesthesia must have available an abundance of clin- 
ical material for teaching and investigation and at the same time not be over- 
wdielmed by routine clinical duties Under our circumstances this requires 
that he function in the Medical School as a wdiole as far as teaching and 
research are concerned, but m one of the School Hospitals, as far as his 
clinical duties go, rather than in all (This is customary at Harvard, and its 
counterpart can be seen in several departments, compare, for example, the 
Pathology Department ) 

PRINCIPLES AND DETAILS RELATED TO CLINICAL TEACHING AND TRAINING 

1 Anesthesia is not rich in technics, in the sense that surgery is The 
technics of anesthesia are relatively simple Probably few good men will ever 
be attracted to anesthesia by the technics alone 

2 The technics of anesthesia, like all medical procedures, are demanding 
in that even though once masteied they require constant application for con- 
tinuing efficiency 

3 The technics of anesthesia require an apprenticeship type of training 
Little is to be learned from obseivation alone, learning here, as in surgery, 
comes from doing Therefore, it is necessary to provide an abundance of 
clinical material for use under guidance Therefore, also, we struggle to avoid 
over-expansion of our training program, so that plenty of clinical material will 
be available for each man accepted for training “Observers” are welcomed 
for a few days, a longer period passed in this way is probably a waste of 
their time 

4 Anesthesia technics must have a surer foundation than can be obtained 

in the dime alone It is important that they be taught in terms of principles 
first and details second ^ 
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5 The anesthetist should not be peimitted to become a specialist without 
the broad clinical training in medicine required of othei specialists in medicine 

6 Men are trained for Board of Anesthesiology certification 

7 Foreign students aie accepted under rather stringent requirements 
(See below ) 

8 Interested medical students can take a month’s course of fulltime train- 
ing in anesthesia All medical students administer at least ten open ether 
anesthesias If they considerably exceed this number, they are taught to use 
nitrous oxide induction All sit with and chart the course of five patients 
under local or spinal anesthesia 

9 It is desirable that house officers on the legulai surgical service rotate 
through the anesthesia department, not to make anesthetists of them, but as a 
part of their surgical training so that they will understand the possibilities and 
limitations of anesthesia Most house officers spend t\\ o months fulltime on the 
Anesthesia Service 

10 Nurses are trained to suppi}' some needs Nuises are permitted to 
administer only ether anesthesia (nitrous oxide induction), and this because 
of its well demonstrated factor of safety (respiratory failure gives drastic 
warning of overdosage with check of intake of the drug before any circulator's 
damage occurs) An equal factor of safety is not present with other anesthetic 
agents, and nurses are not permitted to administer them 

PRINCIPLES AND DETAILS RELATED TO HOSPITAL ORGANIZATION 

1 The properly organized department of anesthesia should be self-sup- 
porting, and the department should pay its expenses (and it can if in the 
university hospital of average size about a quartei of the hospital beds are for 
private patients) , but it should not make money Legitimate expenses are 
Salaries, supplies, equipment, a reasonable percentage payment for hospital 
overhead (bookkeeping, heating, light, janitor service, etc ) and a reasonable 
percentage of the income should be set aside for development of the depart- 
ment The department will not remain static It will go forward or back- 
ward , its continued development requires support If the department con- 
tinues to make money after these things are adequately provided for, fees 
should be lowered 

2 The Chief of the Department of Anesthesia must be free enough fioin 
routine obligations so that he can discharge the duties concerned with devel- 
opment of the department, teaching, and research This means he must have 
able associates who can relieve him of much of the routine work 

3 The Hospital must provide the Piofessor of Anesthesia with abundant 
clinical material, for use as he needs it 

4 Oxygen therapy and most othei gas therapy should come under the 
supervision of the Department of Anesthesia Close interlocking arrangements 
with the Emergency Ward for resuscitation and with the Bronchoscopic 
Clmic for training of the anesthesia residents are necessary The anesthetist 
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should have chaige of fluid theiapy dumig surgei}'- (When detenoration of 
the patient’s condition occuis, the anesthetist informs the surgeon of it ) The 
anesthetist is an important membei of vaiious research groups in the hospital 
He can lead at times, oi follow at other times, but he is an integral part of 
investigation going on in the Hospital The anesthetist must assume greater 
burdens than the clinical administration of anesthetic agents alone 

5 The able anesthetist who has spent as much time in preparing himself 
for his specialty as other members of the staff for theirs, deserves privileges 
and lecompense equal to that of othei staff membei s 

6 The costs of medical caie aie so gieat that anything that might cause 
them to rise (as, foi example, the complete elimination of nurse anesthetists) 
must be examined with scrupulous caie 

7 The final evaluation of diugs designed for use in man must in most 
cases be made in the clinic The depaitmental organization must permit this 
(See principles i elated to investigation ) 

8 Anesthesia is as closely i elated to surgery as asepsis oi hemostasis 
Separation of anesthesia and surgei y, except for administrative, teaching, and 
developmental pui poses, is unwise and not to the patient’s good 

9 Men in the good positions of anesthesia are moie of the same age than 
IS true in the other specialties There is a great shortage now of anesthetists 
In future years this may be consideiably less acute than now and departments 
organized on the basis of free help may, in the yeais to come, be in trouble, it 
being harder then than now to get good men good jobs with the result that 
fewer men will seek anesthesia tiainmg then than now (There will be many 
good opportunities again m 25 years ) The best anesthesia service can prob- 
ably be provided by full-staff members with only a relatively few men in 
training, after the present great needs are filled 

10 Anesthetists are scarce, but even so the Anesthesia Department must 
be kept in balance m the Hospital as a whole, this chiefly concerns salaries, 
insofar as the gieat scarcity demand will permit 

DISCUSSION 

In the preceding section on The Specialty of Anesthesia and in this section 
on Principles and Details, several of the items mentioned have eithei been 
discussed or do not need it There are a few matters that perhaps need further 
elaboration They will be taken up here 

The Piojessoi and the Cbmc We have in this University the situation m 
which the Medical School is associated ^\ ith several hospitals This raises the 
question of how, m ceitain specialized fields where only one professor can be 
maintained, this professor ought to spread his effort 

When a professor requires a clinical post, as he does in a clinical field like 
anesthesia, it must be m one of the school hospitals It cannot well be in all 
^^allle he can function as a consultant to all, routine duties in all would 
destroy his usefulness The primary responsibility of a full professor must 
ahvays be to the univeisity Although he may serve well the hospital where he 
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IS Situated, the hospital is never his home in the sense that the school is The 
hospital IS the sea in which he swims and from which he brings up such tieasure 
as he can The professoi \ioikmg in a clinical field dare not cut himself off 
fiom this clinical mateiial It must always be available It contains the source 
material of w hate\ er contribution he can make to medicine The clinical mate- 
rial must not possess him, but he the material, as he needs it, on his owm terms 
When a professor’s seat is in one institution, that institution must, in 
return for this adiantage, free the man from entangling hospital obligations by 
pioviding able associates, suppoited by the hospital, to manage most of the 
routine w'Oik The establishment of a strong department in one school hos- 
pital wnll inevitably strengthen those m other hospitals Neiv attitudes, new 
proceduies, new standards, new' principles will emerge fioin the one that can 
be used by all The hospital wdiere the professor is, profits All of the hos- 
pitals profit And the professor has clinical mateiial to use as he needs it 
Unshackled by routine, he must be tree to develop his department, to cai ry on 
the research and teaching that aie his first responsibilities 

The teaching responsibilities interlock the Hospital and the Medical School, 
for teaching in this field has two sides (a) basic science (Department of 
Pharmacology, at the Medical School) and (b) clinical (Department of Sur- 
gery, at the Massachusetts Geneial Hospital and at the Medical School) A 
very satisfactory arrangement has been w'orked out with the Piofessor of 
Pharmacology w'hereby the Professor of Anesthesia lectin es in that Depart- 
ment on the Pharmacology of the Anesthetic Agents Acquaintance is made 
with the entire second class of the Medical School, and tins acquaintance is 
developed by later lectures and clinics m the Depaitment of Surger}', and 
finally in the third and fouith yeais b) voluntar} and elective courses in clin- 
ical anesthesia The Professoi of Anesthesia functions, then, m two depait- 
ments of the School, but inseparably in the Hospital as w ell 

These arrangements for anesthesia hai'e been put into opeiation in the 
Harvard Medical School and the Massachusetts Geneial Hospital Both sides 
have carefully supported the concepts described here 

The Department is robustly supported by the Hospital, both Tiustees and 
Staff, supported to such an extent that in the piesent postw'ai reoi gamzation 
w'e are constantly extending the seivice In the beginning, the obstacles were 
great and progress difficult But now' an opposite condition exists With the 
shortage of ably trained men so gieat, the dangei is over-expansion 

The University Hospital can develop eithei of tw'o types of anesthesia 
department (a) There is the one that prides itself on, and indeed often 
achieves, a high degree of technical excellence, but limits itself to this This 
type of department can be built up rather easil)', depending on how willing 
the institution is to pay for it Men to head such a department are not 
difficult to find Beyond its technical services such a department will have 
little influence on the hospital or school as a whole, and none on the specialty 
(b) The second type can have not only the goal of technical excellence, but 
also a profound interest in the foundations of the field, in improvements in it 
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of a basic kind, ^^lth a chief ^^ho will be consideied as an equal by other 
departmental heads Needless to say, such a man will be hard to find Often 
the best solution for this problem is for the university to choose a young man 
who has the necessaiy qualities of mind and interest, and send him aivay for 
the necessai} special anesthesia training 

Hospital Interns, Residents and Fellows Hospital interns m surgeiy, 
while on the anesthesia sennee, and residents and fellows in anesthesia opeiate 
undei the dnection of the anesthetist according to the following plan House 
officers in genei al surger} are assigned to Anesthesia for tw o months as a step 
111 then training Emphasis is placed upon observation of the behavioi of 
patients subjected to anesthesia and surgery, wnth the aim of impiessmg upon 
these men early in then careers, not only the problems and limitations of 
anesthesia, but its possibilities as w ell, as a part of good surgical care 

The Anesthesia Department contains 20 physicians Four of these are 
fulltime in reseaich and the others fulltime in clinical anesthesia There are 
II muse anesthetists, wdth 9 m training^ A curiiculum is provided foi 
the training of ph) sician anesthetists A general internship of at least one year 
IS required as a pieliminar) Appointments are usually made for one or two 
years , but reappointments are made m suitable cases until the requirements aie 
fulfilled for ceitification by the American Board of Anesthesiology 

In this course of tiainmg, increasing lesponsibihty is given in the applica- 
tion of the various technics of anesthesia Inhalation, intravenous, spinal, local 
and legional block Training is provided m lesuscitation, oxygen therapy and 
in bronchoscopy Formal instruction is given in the pharmacology of anes- 
thesia Facilities aie available for teaching and for basic and clinical research 
in the case of qualified individuals Twnce weekly, discussion groups and 
seminars are held A close association wnth the Department of Surgery and 
the Department of Pharmacology of the Haiward Medical School is maintained 
Foreign students are carefully limited at the present time, ownng to the 
great shortage of adequately trained men here The occasional foreign stu- 
dent wFo is accepted for training comes on the following basis For not less 
than one yeai, not more than tw'-o years He must speak English well, and 
most impoitant, he must be guaranteed a university teaching position to 
return to Men wdio want training from even large foreign non-umversity 
hospitals are not accepted We are convinced that these basic requirements 
help us to offei the most we can to foreign students and the lands from which 
they come 

Financial Airangemenfs The anesthesia department in the usual type of 
universit)^ hospital where private as w^ell as w^ard patients are admitted, can 
be easily self-supporting 

In the present case about twm-thirds of the Professor’s salary comes from 
the University and one-third from the Hospital 

* Agitated discussion concerning nurse anesthetists is rarely heard in this Hospital 
In about a dozen years the Alassachusetts General Hospital has progressed from no phy- 
sicians in anesthesia to 20 with maintenance of a group of nurses 
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Charges to private patients for anesthesia are made so that with the lower 
surgical fees, the anesthesia charge is about 15 pei cent of the surgical, and in 
the case of the higher surgical fees, about 10 per cent The anesthetist is 
usually closer to the patient than the pathologist or roentgenologist Possibly 
work by men in these two fields can be established on a set fee basis Anes- 
thesia charges should, like those of the surgeon, be scaled to the patient’s 
ability to pay This is arranged by placing the charges for anesthesia at a fixed 
percentage of those for surgery However, in the case of ward patients, fixed 
anesthesia charges are made as follows Five dollais for the first two hours, 
$7 50 for three hours, and $io for procedures that last over three hours 

With the great shortage of physicians trained in anesthesia at the present 
time, an acute problem is to keep the income of anesthetists in proper balance 
with that of other physicians working in the hospital The Chief of the De- 
partment can take an all-out partisan view and get all he can for the Anes- 
thesia Department, without regard for the remainder of the Hospital’s staff, 
since Anesthesia is an easy earner Or he can try to keep a balance with the 
whole hospital Or he can steer a middle course between these two approaches, 
since he will hardly be able to defy the law of supply and demand 

Discussion — Dr Frank H Lahey, Boston It would be wrong for this paper to 
go undiscussed because it is such a good paper and such an important subject Even if 
approached from a more utilitarian point of view than that of the author, it is still an 
urgent subject and one that has been neglected by the universities Interest in anesthesia 
until recently has been evidenced largely by those who have been dealing with the sub- 
ject from a clinical point of view and we are now observing an interest from the inve"'- 
tigative viewpoint, which will round out the subject as it should be 

Over the years we have been greatly interested m the problem of anesthesia because 
it IS so closely related to our surgical problems We have run a school of anesthesia for 
a number of years, except during the period of the war when practically all the men in 
this school were being trained for anesthesia m the Navy, 41 being made available foi 
Navy service This has been a two-year period of training and, when the men have 
completed it, they are capable of heading a department of anesthesia in any medical school 
or any hospital 

Up to the time of the war I feel certain there had been a great lack of appreciation 
of the value of a trained physician-anesthetist Because so many surgeons were able to 
have trained physician-anesthetists in the war, this has been largely overcome Prior to 
the war we had difficulty in placing the men whom we had trained in anesthesia in suitable 
positions but we now have a demand which far exceeds the number we can supply 

Trained anesthetists can supply so much today that it is of interest to enumerate what 
they should be able to do They should be able to grade the risk They should be able 
to advise surgeons in consultation as to the most desirable type of anesthesia for a pai- 
ticular operation They often can make suggestions in a given problem case which will 
be of distinct value in the management of surgical procedure They should be able to 
take complete charge of the patient’s care on the table, which has been such a heavy re- 
sponsibility up to recent years for an operating surgeon already seriously burdened with 
responsibility They should be completely responsible for transfusions , with so many 
patients today requiring and receiving transfusions while under anesthesia — at which time 
the early symptoms of improper matching cannot be appreciated — this is a real responsi- 
bility since they are responsible also for the accuracy of blood matching They will save 
cardiac patients in cardiac arrest at the time of operation We have had twelve patients 
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with cardiac arrest (two of these had carotid sinus syndrome), of whom we have saved 
four with no subsequent cerebral damage The heart was started m every case of the 
twelve, but too late to avoid cerebral changes in eight Dr Hamilton Bailey has recently 
reported an experience with 40 cases of cardiac arrest The responsibility to restore 
cardiac action m patients with cardiac arrest is completely m the hands of the anesthetist, 
since he will be the one who first discovers it, and his acuteness and promptness in this 
respect will settle whether or not the patient lives The anesthetist will be the one who 
will deal with carotid sinus reflexes, of which we have had several instances One has to 
have only a few such cases to realize how hair-raising they are The anesthetist will be 
responsible for shock, he will not permit the patient’s blood pressure to drop and remain 
low over any period of time In the early days before we had such good anesthesia and 
also improved surgery, our patients after operations of major magnitude usually left the 
table cold, blue and wet Today, as a result of the excellent care competent anesthetists 
provide for them on the table, together with good anesthesia, and in spite of very ex- 
tensive procedures, they now leave the operating room warm, dry and pink This is 
purely the result of the responsibility for their condition being m the hands of the anes- 
thetists They should be able to provide diagnostic blocks They should be able to do 
bronchoscopies, to handle 100 per cent oxj'gen, helium, and any number of things that only 
add emphasis to what I have already stated 

As to the supply side of the problem, there are not and will not be enough profes- 
sional anesthetists to go around unless w'e do more than we are doing in training anes- 
thetists in the various hospitals Every hospital that takes on a professional anesthetist 
has, in my opinion, a serious obligation to see that he, m turn, is training other anesthetists 

As to the effect of this expert anesthesia upon surgery itself, I have repeatedly said 
that in my opinion it has definitely decreased the morbidity and mortality, and I would 
like to emphasize further that a good professional anesthetist will lower the morbidity and 
mortality in the surgeons themselves 

Dr. Alfred Blalock, Baltimore I rise mainly to express my admiration for the 
author of this paper and the guest of this Association, Dr Beecher His work m the field 
of anesthesia has done much to advance this subject He is a leader in reseaich, in the 
teaching of students and in the training of anesthetists Dr Beecher does not advocate 
that anesthesia be divorced from surgery In fact, he states that anesthesia and surgery 
are bound to each other as are surgery and hemostasis 

I am alarmed by the present tendency of some to discredit the ability of the nurse- 
anesthetist All of us must be aware of the damage that may result from articles in the 
public press to the effect that it is unsafe to be operated upon m a hospital which is not 
staffed solely by physician-anesthetists Furthermore, is it proper to maintain that the 
nurse anesthetist is only a technician? There are hundreds of hospitals m this country 
in which major surgery is performed and the number of M D anesthetists is totally in- 
adequate to staff these Even if it is desirable that these positions should be filled only 
by physicians, I doubt seriously if this field of work will attract physicians m sufficient 
numbers to supply the need within the next few decades Conversations with a number 
of physician-anesthetists lead me to believe that many of them deplore the present inclina- 
tion of some members of the profession to underrate the ability and the worth of the 
well-trained nurse-anesthetists Many of these have exceptional qualifications For ex- 
ample, kliss Olive Berger has anesthetized the last 225 patients upon whom I have oper- 
ated for congenital heart disease, and my associates and I have the highest regard for 
her ability 

We are fortunate m having heard Dr Beecher, whose general ideas regarding the 
field of anesthesia are sound and commendable 
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The return from military service to civilian life of many thousands 
of medical officers whose training was interrupted by the war and who desii ed 
to complete specialty qualifications created a problem far beyond the scope of 
existing graduate educational facilities The medical caie of veterans of both 
World Wars in facilities which had been inadequate to meet the needs of 
World War I alone, created a problem for the Veterans Administration which 
would have been insurmountable under former methods of administration 
Under the direction of General Omar Bradley, the reorganization of the Vet- 
erans Administration hospital progiam by Dr Paul Hawley, with the assist- 
ance of Dr Paul Magnuson, has progiessed far beyond expectations in meet- 
ing these two problems The prime purpose of their program is to oflfer the 
best available medical care to men and women who have served their country 
in the Armed Forces Any program which would not fulfill this purpose 
would not be justifiable Yet facilities and personnel available to them when 
they assumed then present responsibilities were so inadequate to meet the 
needs of veterans of World War I alone that most existing hospitals had long 
waiting lists and an insufficient number of physicians to render prompt medical 
care They knew that existing opportunities in the Veterans Administration 
would not attract the number of competent doctors required to meet the 
expanding needs Their vision in enlisting the aid of medical schools has to a 
large extent solved these problems It has made available to the veteran patient 
the faculties of participating medical schools and thus some of the finest med- 
ical talent in the country It has given to the most promising veteran medical 
officers an opportunity to complete their training and at the same time render 
valuable medical care to men who have become afflicted with disease during 
or subsequent to military service 

Briefly, the professional care of patients in veterans’ facilities located near 
universities has been placed under the supervision of medical schools able and 
willing to participate in the program Committees composed of deans of these 
schools have assumed responsibility for the successful accomplishment of these 
aims The wholehearted support of medical schools throughout the country 
is shown by the folloi\ mg table enumerating the number of such programs now 
in operation 

* Read before the American Surgical Association, March 25, 1947, Hot Springs, Va 

t Deputy Chief, Surgical Service, Veterans Administration Hospital, Hines, Illinois 
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Table I 

VETERANS ADMINISTRATION RESIDENCY TRAINING PROGRAMS 

(as of February 1, 1947) 


Medical schools partiapating 55 

Deans Committees Supervising 33 

VA hospitals and clinics utilized 58 

Residents in training 1 635 


Good Civilian hospitals long have recognized the impoitance of internes, 
residents or both in rendering the best professional care to patients All teach- 
ing and superior private oi municipally administered hospitals depend upon 
an adequate house staff to maintain high professional standards By estab- 
lishing residencies in Veterans Administration hospitals, nearly 2,000 com- 
petent young physicians are now helping to meet the demands of the veteian 
patient and at the same time are furthering their training under supervision 
of the country’s best medical educators Many of these men, who otherwise 
vould not have been attracted to this service, will make a life work of it and 
assure continued good care m Veterans Administration hospitals 

As the specialty boards have set up standards recognized as essential to 
the training of qualified specialists, their requirements have been used as the 
basis for resident training programs established b} the Deans' Committees and 
the V eterans Administration In spite of the short time that has elapsed since 
these programs have been introduced, many already have been approved and 
many more are awaiting inspection 


Table II 

SPECIALTT TRAINING PROGRAMS IN VETERANS ADMINISTRATION HOSPITALS 
Approved by Council on Medical Education and Licensure of the Amencan Medical 
Association S2 

Applications for appro\ al 129 

Approved b> the Amencan College of Surgeons 59 

(Man> awaiting inspection for approval) 

One of the first Deans’ Committee programs was instituted at the Vet- 
erans Administration Hospital at Hines, Illinois, under supervision of the 
Colleges of Medicine of Northwestern University and the University of Illi- 
nois This program will be discussed somewhat in detail to exemplify what has 
been established and what has been accomplished in the first year under the 
present administration Although Vaughan General Hospital, formerly admin- 
istered by the Army Medical Corps, has been utilized as an addition to the 
Veterans Hospital, almost its entire capacity is being used for the care of 
paraplegic, tuberculous, psychiatric and neurologic patients After the reduc- 
tion of overcrowding by the elimination of hundreds of emergency beds, the 
actual capacity for general medical and surgical patients at Hines has been 

Table HI 

ADMISSIONS TO VETERANS ADMINISTRATION HOSPITAL HINES, ILLINOIS 

Monthly A\ erage 


1945 

1946 


11 118 
17,748 
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926 
1 479 
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increased by less than o hundred beds Thus the increase in patient admis- 
sions IS far greater than would be expected from the increase m bed capacity 
This increase m admissions is due largely to an acceleration in the care of 
patients enabled by a more adequate professional staff The former staff 
worked efficiently but was so inadequate m number that it could not maintain 
a rapid turnover of patients Many bottlenecks existed because of insufficient 
equipment and personnel Many of these have been corrected but others still 
exist which must be eliminated before the hospital can function at maximum 
efficiency When contemplated changes are completed, each hospital bed will 
serve at least twice the numbei of pafaents it formerly did The greatest pres- 
ent handicap is a shortage of operating rooms Only five operating rooms are 
now available to serve nearly a thousand surgical beds As a result, the 
hospital stay of many patients is prolonged by at least one to two weeks 
awaiting operating facilities In spite of this, the admission of suigical patients 
has been nearly doubled 


Table IV 


ADMISSIONS TO SURGICAL SERVICE VETERANS ADMINISTRATION HOSPITAL HINFS ILLINOIS 



1945 

1946 

General Surgery 

1 250 

4 130 

Tumor Service 

2 344 

2 359 

Orthopedic Surgery 

637 

1 401 

Urology 

697 

1 184 

Women s Surgery 

227 

286 

Eye ear nose and throat 

537 

1 289 

Total 

5 692 

10 649 


By utilizing the operating looms both morning and afteinoon on a closely 
integrated schedule, the numbei of surgical proceduies perfoimed m the 
existing facilities has now greatly increased 


Table V 


OPERATIONS PERFORMED AT VETERANS ADMINISTRATION HOSPITAL HINES ILLINOIS 


Speaalty 

1945 

1946 

Increase 

% 

General Surgery 

2 391 

3 829 

1 438 

60 

Orthopedic Surgery 

337 

699 

362 

107 

Plastic Surgery 

214 

457 

243 

114 

Urologic surgerv 

471 

884 

413 

88 

Vascular surgery 

206 

343 

137 

67 

Thoraac surgery 

279 

375 

96 

34 

Neurosurgery 

87 

318 

231 

265 

Total 

3 985 

6 905 

2 920 

73% 


However, no attending surgeon can be permitted to operate more than 
two half days per week because of this shortage of space Plans are completed 
to construct more operating rooms which should increase the surgical output 
by at least 50 per cent A separate operating room exists for the ophthalmo- 
logic and otolarjmgologic senuces These have been active services in the 
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past, but their reorganization has been considerably delayed Operations per- 
formed on these services are as follows 


Ophthalmology 

Otolaryngology 


1945 

1946 

Increase 

% 

141 

284 

143 

101 

1,083 

1,140 

57 

5 


An additional operating room has been completed for these specialties and its 
benefits are being reflected in their present output 


PROFESSIONAL STAFF OF VETERANS ADMINISTRATION HOSPITALS 
Four categories of physicians now serve the veteran patient They are 

1 Consultants 

2 Attending physicians and surgeons 

3 Full time Veterans Administration physicians 

4 Residents 

The consultants are outstanding specialists whose services are sought when 
professional problems arise which cannot adequately be met by the attending 
staff They also serve in an advisory capacity in the administration of many 
special departments The attending physicians and surgeons are responsible 
for the professional care of a great majority of veteran patients These men 
spend an average of five half days per week in carrying out their duties They 
must be veterans of World War II, faculty members of a sponsoring univei- 
sity, and must be certified by a specialty board or have equivalent tiainmg 
A few full-time Veterans Administration physicians are included on the pro- 
fessional staff of some of the Deans’ Committee hospitals Their sei vices are 
very valuable in handling the administrative work required by the Veterans 
Administi ation and in helping to maintain satisfactory function of the various 
departments Thus far all residents are veterans who have been in active 
service during World War II As internes are not utilized at present, it is the 
resident’s responsibility to take case histones and physical examinations and to 
request all necessary special studies demanded for an accurate diagnosis On 
the surgical services, they are responsible for the pre- and postoperative care of 
patients assigned to them They assist the attending surgeon at all operations 
and perform those operations under the direction of the attending surgeon 
which he believes them competent to perform The residents are most impor- 
tant in the efficient functioning of the hospital’s piofessional staff The number 
appointed is determined by the hospital’s needs It is our opinion that one 
resident cannot satisfactorily handle more than 20 to 40 patients, the number 
varying with the type of service to which he is assigned In general surgery, 
one resident is responsible for 30 patients In some of the specialties, a smaller 
number of patients is assigned to each man, whereas in others the number can 
be increased How ever, m ordei to meet training requirements, it is necessary 
to assign residents to basic science studies and to other hospital functions On 
the surgical service at Hines Hospital, an over-all ratio of one resident to 18 
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patients has enabled us to meet hospital requirements and training needs At 
present we have 144 residents wdio are distributed as follow^s 


Table VI 


Internal medicine 44 

Neurology 7 

Ps 5 clnatrv 6 

Surgery 

General 41 

Orthopedics 8 

Urologj 7 

Thoracic 3 

Neurosurgerj 4 

Otolaivngology 4 

Ophthalmology 3 

4.nebthesiolog\ 1 1 

Radiology 6 

Total 144 


RESIDENT TRAINING PROGRAM 

The requirements for resident training have been fairly w'ell established 
by the specialty boards These requirements, with some modification are used 
as our criteria for our own training program A few principles have been 
incorporated by the Deans’ Committee to somewhat amplify this program 
They believe that a man trained m any surgical specialty must have a broad 
foundation in the principles of general surgery and in the basic sciences For 
this leason, men being trained in surgical specialties are requiied to spend six 
months on the pathologic service where they are trained in both pathology and 
in surgical anatomy From six to i8 months are spent on general surgical 
services Aftei completion of this training, the men then are assigned to 
services in their own chosen field 

Likewise, it is believed that some knowdedge of suigical specialties is 
important to the development of a competent geneial surgeon Although the 
piogram varies to some degree with the desires of the individual resident, the 
follownng outline includes those services through which most geneial surgical 
lesidents rotate 


Table VII 

PROGRAM FOR GENERAL SURGICAL RFSIDENTS 

Admitting serA ice and night surgery 

Tumor diagnosis and therapy 

Surgical specialties (four of 3 months each) 

General surgery 
Pathologv and anatomv 

Other basic sciences throughout entire residency 


Months 

3 

3 

12 

12 to 18 
6 


Adimthng Sej-vtce When the Deans’ Committee assumed responsibility 
for the professional cai e of patients at the V eterans Administration Hospital, 
Hines, Illinois, a survey was made to determine how many hospitalized 
patients actually needed hospital care It was found that nearly 40 per cent 
of patients in the hospital could be treated satisfactorily as outpatients or 
could not be benefited by further hospitalization These patients occupied a 
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sufficient numbei of beds to make it impossible foi existing facilities to meet 
the veteran hospital needs of the community At that time, admissions to the 
hospital were accomplished by full-time physicians who did not participate m 
the professional care of patients and who were less concei ned with the dangers 
of overci owdmg and w ith the ability of the hospital to meet the demands placed 
upon it than were physicians who were actually serving m the hospital As a 
result a w^aitmg list of nearly 2,000 patients existed m the early part of 1946 
This included veterans suffeiing wnth malignant disease upon wdiom action 
had been deferied for several months Many patients upon whom elective 
surger} was indicated weie required to wait as long as one year before the} 
could be hospitalized This often meant prolonged unemployment if coirectible 
diseases pi evented occupation It was believed that more careful screening of 
patients foi admission wmuld enable the hospital better to meet the community 
demands As the residents are competent to lecognize disease and are con- 
scientious m admitting only patients wdio need hospitalization, a number aie 
assigned to the admitting seivice where they take histones and examine all 
patients applying for admission If any question of doubt arises, consultation 
IS called and utmost care is taken not to refuse hospitalization to any patient 
wdrom it would benefit By the use of this system, although moie than 50 per 
cent of people applying foi hospital admission are rejected, w^e know of no 
instances where caie has been denied to any patient needing hospitalization 
This careful screening has not only enabled the hospital to meet the commun- 
ity needs but it has also entiiely absorbed the w'aitmg list, and all veterans 
applying for admission can be immediately admitted to the hospital when such 
service is needed This is tiue in spite of the fact that the hospital is now 
serving not only World War I veterans but also those of World War II 
During 1945, more than 90 pei cent of hospitalized veterans had served m 
World War I At present over 60 per cent of patients aie veteians of World 
War II This indicates that the number of veterans being seived by the 
hospital has more than doubled Thus by careful screening of patients and by 
nearly doubling hospital admissions, existing facilities are now' serving a func- 
tion three to four times as gieat as they did two years ago 

Each surgical resident spends six weeks on the admitting seivice He is 
not assigned to this service until he is sufficiently familiar with hospital routine 
to understand the importance of his duties and is sufficiently trained to perform 
these duties in a highly satisfactory mannei While on this assignment the 
resident does not have actual opeiating room service but he receives experience 
in diagnosis which is important in the training of a surgeon 

N^ght Sin get y Because most Veterans Administration hospitals do not 
have facilities for housing residents and as many of them live at considerable 
distances from the hospital, it is impracticable for them to be subject to call 
both day and night For this leason, a night service has been established to 
w'hich each surgical resident is assigned for a period of six w eeks He is avail- 
able for any calls on the surgical w'ards and for the care of emergency surgical 
admissions A senior surgical resident is on night duty at all times to assure 
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competent surgical judgment When he deems it advisable, he solicits the aid 
of an attending surgeon 

Tuvwi Diagnosis and Tlieiapy Tiaining in the recognition and institution 
of proper therapy of malignant disease is essential to every surgeon As nearly 
2500 patients suffering from some form of cancer are admitted to the Veterans 
Administration Hospital, Hines, Illinois, an excellent opportunity for tiainmg 
m this field is available Although patients with surgical tumors are assigned 
to the specialty in which field the lesion is located, all tumor patients aie seen 
in consultation by the tumor service and are reviewed by the tumoi boaid 
Aftei appiopriate theiapy and before discharge from the hospital, these 
patients again aie presented befoie the tumor board This vast expeiience is 
invaluable to the surgical residents who are assigned to the tumor service foi a 
minimum of three months As the chief of the tumor service is a well-trained 
oncologist and has had special training in surgery for malignant disease of 
the head and neck, the surgical waid foi such lesions is a part of the tumoi 
service Non-surgical tumors which are treated by radiation also are hospital- 
ized on this service Although it is not oui desire to tram surgical residents 
to become radiologists, we believe it important foi them to be cognizant of tbe 
possibilities of this form of therapy 

Basic Sciences Considerable contioversy exists as to whether basic sci- 
ences, particularly pathology and anatomy, should be taught on a full-time basis 
covering a period of weeks or months or should be incorporated with clinical 
teaching throughout the residency period Theoretically, the latter has some 
advantages However, experience has shown that residents on active clinical 
services frequently do not allow sufficient time for basic science -study Because 
of the excellent teachers and the amount of material available to us in the 
basic sciences, we have adopted the policy of assigning each surgical resident 
to the pathologic service for a period of six months The comprehensive com se 
of lectures by the chief pathologist and attending pathologists from the fac- 
ulties of the sponsoring medical colleges provides excellent training in the 
stud)'' of abnormal tissues The large number of surgical specimens and the 
great amount of necropsy material offer unusual teaching opportunities 
During this period of six months, surgical anatomy is taught on available 
material by an anatomist who is also certified by the American Board of Sur- 
gery and who lectures and demonstrates from a surgical viewpoint Sufficient 
time IS available to the resident during this six inonths’ assignment for him to 
complete or become well established upon a clinical or pathologic research 
problem Excellent library facilities are at his disposal to encourage complete 
review of pertinent literature Other basic sciences, particulaily bacteriology, 
physiology and bio-chemistry are taught at \\ eekly conferences throughout the 
entire residency In these conferences stress is laid upon the clinical applica- 
tion of the basic sciences 

ALLIED SPECIALTIES 

Roentgenology In order to give surgical residents a better understanding 
of roentgenology, weekly conferences are held in this subject In addition to 
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this, the staff and consulting radiologists are available at all times to review 
with the residents roentgenograms and fluoroscopic studies of their patients 

Anesthesiology The depaitment of anesthesiology is administered as a 
subdivision of the department of surgery Only graduate physicians are used 
as anesthetists Four physicians certified by the American Board of Anes- 
thesiology supervise the work of 12 residents in this department The resi- 
dents in anesthesiology examine all patients prior to operation and cooperate 
on pre-operative orders and the selection of anesthetic agents They are equally 
responsible with the surgical resident for the care of postoperative complica- 
tions, especially those which may m any way be related to the anesthetic agent 
employed Although surgical residents are not employed at piesent m the 
department of anesthesiology, it is believed that some knowledge m this field 
would be of benefit to them m their future careers as surgeons 

SUMMARY 

The Veterans Admimstiation hospitals will be called upon to serve 15 to 
20 million formei members of the armed forces This is four times as great a 
number as they served prior to World War II Although expansion of existing 
hospitals and construction of new ones will be necessary and are contemplated 
to meet this demand, it will be many years before such construction can be 
completed It has been shown that by proper administration and with adequate 
personnel, existing hospital facilities of the Veterans Administration can serve 
a far greater purpose than they have in the past They not only can offer 
better and more extensive medical care to the veteran patient, but can provide 
excellent graduate training facilities for the returned medical officer The Vet- 
erans Administration has solicited the aid of the medical schools of this coun- 
try to help in this program It is the responsibility of the participating Deans’ 
Committees to so organize the professional services of the hospitals that they 
will render the best possible professional service to the veteran patient and 
offer the greatest possible training opportunities in the surgical specialties 
It IS also their responsibility to the taxpayers of the country to supervise the 
professional care in these hospitals m such a manner that undue expansion will 
not be necessitated by inefficient administration 

Discussion — Dr Paul B Magnuson, Chicago The medical profession has sup- 
ported this program from the start and I think has accomplished something never before 
even dreamed of m any countrj'^ We did not know when we started what co-operation 
we would have from the medical profession, and I doubt that we would have had this 
whole-hearted support had not General Bradley and General Hawley authorized the plan 
to set up Veterans Hospitals on the basis of mutual advantage This advantage, I be- 
lieve, IS apparent to all who are teaching 

In the first place, we had to take care of the veteran patient Second, we were under 
obligation to provide the veteran phjsician with further training in view of his having 
been called away from training to serve in the armed forces The 1600 Residences created 
in about a year are serving to continue training for those men whose careers were inter- 
rupted by the war These Residents have been paid more than will be the case in the 
future when Residents w'lll not be veterans The sum of $3300 is a lot to pay a Resident, 
but the Senior Resident’s pa> of $1800 was supplemented, because under the Bill of 

507 



CHARLES B PUESTOW 


Annals of Surgery 
October 1047 


Rights these men were entitled to up to $500 pei year for educational purposes, plus $65 
per month if single and $90 it married, for subsistence Taking into consideration the 
fact that they were all older men, many of them married, it was felt that they were en- 
titled to a greater compensation on their return from service, therefore their pay was 
placed at a higher figure than it will be m the futuie 

We also owed another debt to men coming back from service, men well trained and 
working 111 universities, who w'ere called into service before they had the opportunity to 
become established, men coming back who had neither offices nor practices By offering 
the schools the advantage of putting these men m part time positions, giving service to 
veterans at a reasonable compensation while building up their practices, we helped that 
group 

The older group, most of us, stayed home, we were too old 01 too decrepit to go 
into the army, according to General Kirk’s standards This group, largely men of pro- 
fessorial rank, has guided the program through with the assistance of the Deans’ Com- 
mittees of all the medical schools The Deans’ Committees chose to act without com- 
pensation because by so doing they would not be under pressure from any source This 
has been of mutual advantage, for this reason The promising young men as they finish 
their Residencies can retain affiliation with the medical school, can be put on as attend- 
ing men at Veterans Hospitals, and at the same time can continue with research and 
laboratory work until such time as the medical school decides w’hether 01 not they want 
them on the faculty ktost medical schools do not have the funds to retain such men at 
any stipend 

Most of the new' hospitals w'lll be built on the campuses of universities They 'will 
not be domiciliary hospitals, they w'lll be hospitals for acute care Fort Snelhng at 
Minneapolis cut the hospital stay from 42 bed days per patient to 19 bed davs per patient, 
and I think that would compare favorably with most civilian hospitals 

The medical profession must retain control of this program or, as Dr Puestow said. 
It will go back into the same old hands We must have strong men, not only m the hos- 
pitals controlled by the Deans’ Committees but m Washington and in the various districts 
It IS up to the medical profession to hold the ball, now that they have it, and run with it 
If we do not — well, politicians and bureaucrats live on for ever ' 

Dr. Edw'ard D Churchill, Boston I should like to ask Dr Magnuson why, if this 
group of young men is going to save the countiy thirty billion dollars and carry this work 
load — why decrease their salaries^ 

Dr Paul B Macnuson, Chicago If we were to go into a city where the ordinary 
stipend of a Resident is $1200 a year, and offered $1800, $2400, $3000, we would be put- 
ting our Residencies in competition with Residencies in universities that are assisting in 
this training program We do not intend to put the same value on service m communities 
where it costs fifty cents on the dollar to live — if any such exist — in comparison with 
cities where the expenses are much higher The cost of living m a small community is 
much less than in Chicago or New York, or the other robber baron eastern cities We 
feel compensation for Residents m the Veterans Administration should be equalized with 
that of civilian hospitals Certainly we did not want to put these Residency appointments 
on a competitive basis of money alone, because we might get Residents who were more 
interested in dollars and cents than m the training offered Therefore, m the future they 
will be offered the same compensation as is prevalent locallv, according to their grade — 
junior, intermediate or senior 
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FROM THE DEPARTMENTS OF SURGER^ AND BIOLOGICAL CHEMISTR\ COLLEGE OF MEDICINE 
OF THE UNIVERSITY OF CINCINNATI AND THE CINCINNATI GENERAL HOSPITAL 

Thus far effective prophylaxis in gas gangrene has been limited to 
early and adequate surgery ^ ^ Recently penicillin, administered parenterally,^® 
has been shown to be a very valuable therapeutic adjunct to surgery Its 
prophylactic effect was greatest when it was used early and in massive doses 
and consisted of a limitation of the rate of spread and extensiveness of the 
infectious process as veil as a marked retardation in the rate of death 

The possibility of producing active and effective immunity for this infec- 
tion has been explored m lecent years, since various powerful exotoxins gen- 
erated by the clostndia play an important role m the pathogenesis and toxemia 
of gas gangrene Kolmer’^’- studied the immunizing capacity of the toxoids of 
Cl zvelcim, Cl septiqiie, and Cl oedemahens in guinea pigs and concluded 
that the degree of acquired immunity was much less than that produced by 
tetanus toxoid Stewait^^ also investigated the effect of two injections of 
Cl welchn toxoid in guinea pigs and found that the animals which developed 
titers of o 25 or more units of antitoxin per cc showed marked resistance to 
intramuscular inoculations of either toxin or virulent cultures Robertson and 
Keppie’^^ confirmed the observations of Stewart on serum antitoxin levels nec- 
essary for protection against lethal doses of bacteria Dowdy^"* working 
with single doses of Cl zvelcim toxoid in dogs, reported in 1945 that o i unit 
per cc of serum of alpha antitoxin was the critical level determining the 
survival of dogs challenged with intramuscular injections of virulent cultures 
In a group of 23 dogs with serum titers less than o i unit per cc there was a 
43 5 per cent survival rate, whereas in a group of 51 dogs with serum titers of 
more than o i unit of antitoxin per cc , there was a survival of 96 per cent 
When he gave an additional or booster dose of toxoid, he obtained a marked 
increase in the serum antitoxin titer and a survival rate of 100 per cent 

Logan and TytelP^ compaied data on the immunologic response of animals 
to various Cl zvelcim toxoids and came to the same conclusions as Dowdy 
They prepared an alum precipitated Cl zvelcim toxoid which was found to be 
effective in producing a measurable and protective titer of antibodies in mice, 
guinea pigs, rabbits, pigeons, dogs, and humans Good protection was 
obtained in the animals against multiple lethal doses of toxin and bacterial 
cultures injected into healthy muscle through fine needles 

* Read before the American Surgical Association, March 26, 1947, Hot Springs, Va 
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These studies were very interesting but from a surgical point of view 
several criticisms became obvious The experimental lesions produced by the 
injection of toxin or virulent bacteria into healthy muscle are vastly different 
from those of clinical gas gangrene, which are almost invariably associated 
with large areas of grossly contaminated and devitalized tissues, produced 
directly by trauma or indirectly by laceration or thrombosis of nutrient 
arteries In addition, experimental gas gangrene produced by the simple injec- 
tion of toxins or bacteria is much less severe^®’ and more responsive to 
therapy than that produced in the presence of crushed muscle and dirt Like- 
wise, the use of local irritants such as calcium chloride along with the injected 
bacteria failed to produce as severe an infection Furthermore, there is increas- 
ing evidence that the toxemia of gas gangrene is complex, being caused not 
only by the known bacterial exotoxins absorbed from the site of injury, but 
also by other factors, possibly arising from the septic degeneration of devital- 
ized tissue Consequently, it seemed probable that the immunity reported thus 
far in experimental animals injected with toxoid inadvertently has been made 
to appear greater than it really was Finally, the inference that measurable 
amounts of antitoxin such as o i to o 25 units per cc in the blood of patients 
or animals are necessarily synonymous with actual protection against a severe 
form of challenge or clinical infection has not been proved 

The problem of toxoid immunization against a more severe form of gas 
gangrene closely simulating the clinical type was undertaken m March 1945 
through the combined efforts of the Departments of Surgery and Biological 
Chemistry of the University of Cincinnati, in an effort to evaluate fully the 
degree of immunity produced in experimental animals by injections of toxoid 
as advocated by Logan and Tytell, and to explore further the possibilities of 
effective immunity of experimental animals by other forms of toxoid 
prophylaxis 


MATERIAL 

Guinea pigs were chosen as the experimental animal because of their 
marked susceptibility to Cl welcJm mfecfaons and their immunological response 
which resembles closely that of the human being In addition, most of the 
earlier work was done with this animal Cl uelclni was chosen as the test 
organism because of its occurrence alone or in association with other bacteria 
in 56 to 100 per cent of the cases of gas gangrene m a previously reported 
series Strain BP6K was used and cultures of it which were grown in pan- 
creatic digest media were characterized by prolific growth with much turbidity 
and gas formation and a higher degree of virulence than those grown in deep 
meat broth, brain broth, or other media When incubated for only 4^ to 5^ 
hours in the pancreatic digest media, they produced death in much higher dilu- 
tions than when incubated 18 to 24 hours Weekly passage through pigeons 
was necessary to maintain the virulence at a high level and this was done 
routinely by the Department of Biological Chemistry It was therefore possible 
to maintain the virulence of a strain of Cl welchn at a high level by incubating 
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for 4^ to 5^4 hours in pancreatic digest medium a culture of BP6K passed 
weekly through a pigeon The Cl welchii toxoid was produced from toxins of 
high potency and was made in large quantities by a reproducible procedure 
yielding many thousands of doses Concentration and detoxification was 
accomplished by precipitation first with ammonium sulphate and then 
with alum 


METHOD 

Sixteen groups of guinea pigs consisting of 17 to 29 animals each received 
two or three injections of the alum precipitated toxoid prepared by Logan's 
method at varying intervals and with varying doses (Table I) A total of 364 
animals were injected with toxoid and compared with 274 controls 


Table I 


Group 

No of 
Animals 

Injection 

Dose of Toxoid 
in Lb 

Time of Injections Before 
Challenge in Weeks 

Per Cent 
Survival 

7B 

17 

2 

30-30 

28-22 

12 

12A 

24 

2 

30-30 

4-2H 

33 

15 

25 

2 

30-30 

8-3 

100 

12B 

23 

3 

30-30-30 

10-7-4 

63 

13 

23 

2 

30-30 

8-3 

56 

14A 

25 

2 

60-60 

7-4 

70 

16A 

25 

3 

40-40-40 

22 - 10 - 1 - 3/7 

05 

16B 

25 

3 

40-40-40 

24-20-1-3/7 

60 

16C 

24 

3 

40-40-40 

26-22-1-6/7 

50 

16D 

29 

3 

40-40-40 

28-24-1-3/7 

24 

17A 

25 

3 

60-60-30 

18-9-1-3/7 

23 

17B 

25 

3 

60-60-30 

14-10-1-3/7 

65 

17D 

15 

3 

60-60-30 

16-12-3-3/7 

46 

17-DT 

IS 

3 

60-60-30 

I 6 -I 2 - 3 . 3/7 

26 

18A 

21 

2 

60-60 

SV2-2}i 

28 

19 

23 

2 

120-120 

4H-2J4 

52 

Controls 

274 



• 

00 0 


Seven groups received a series of two injections and nine received three 
injections The individual doses of toxoid varied between 30 to 120 Lbs The 
injections were made subcutaneously at varying times m an effort to determine 
the optimum intervals between inoculations After expiration of the selected 
period of immunization, the groups were challenged by a severe form of 
experimental gas gangrene produced by the following method 

The skin over the lower back, posterior and lateral aspects of the thigh of a 
guinea pig was prepared by shaving and scrubbing with soap and water for 
five minutes After the induction of drop ether anesthesia, the preparation of 
the operative area was completed by the application of alcohol, ether, and 
tincture of iodine A sterile drape containing a hole i 5 by i o cm was then 
applied to the prepared area These steps were necessary to eliminate or mini- 
mize the introduction of Cl welcJm spores normally resident on the skin or 
hair of the guinea pig Under aseptic precautions using gown, gloves, cap 
and mask, an incision i o cm in length was made through the skin and sub- 

*From the Department of Surgery, University of Cincinnati The work described 
in tins paper was done under contracts recommended by the Committee on Medical Re- 
search of the Office of Scientific Research and Development, the U S Public Health 
Service, and the U S Army 
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cutaneous tissues over the mid portion of the postero-lateral aspect of the right 
thigh and developed dow n to and beyond the femui The muscles on each side 
of the wound were then ciushed five times with a Kochei clamp and tlien 
avulsed by twisting the clamp i8o° In each wound o 5 cc (06 Gm ) of 
an autoclaved and finely divided mixtuie of soil and cinders was placed The 
edges of the wound were then closed with mtenupted fine black silk sutures 
to minimize leakage of the inoculum and subsequent secondar}^ contamination 
In a previous series of experiments, it had been determined that the pi esence 
of crushed muscle and dirt increased the viiulence of Cl tvelcJm 1,000,000 
times Serial dilutions of a 43^-5 houi culture of Cl welcJm were then 
made to the tenth power using sterile pancreatic digest media as the diluent 
since it gave more uniform results than saline Finally o 5 cc of one of the 
higher dilutions representing 1-100,000 minimum lethal doses was injected 
through the skin into the operative area containing crushed muscle and dirt 
by means of a 25-gauge needle and a tuberculin syimge The minimum lethal 
dose was considered to be o 5 cc of the highest dilution of the culture which 
killed all of the guinea pigs within 4% days undei the conditions of the experi- 
ment on a given daj*^ 

Since the minimum lethal dose varied between a dilution of 10 and 10®, it 
was found necessary to control carefulty each experiment by a group of 25 
animals which w'ere used to determine the minimum lethal dose on the day of 
challenge and under the specified conditions This w'as done by the injection 
of 05 cc of seiial dilutions of a 434-5/4 hour cultuie of Cl zvelclm made to 
the tenth powei from 10^ to 10 ** After challenge, the animals and their 
wounds were caiefully observed over a 4% day period, and the date of death 
and extent of the lesion weie determined in each instance In this manner it 
was possible to determine the minimum lethal dose foi each experiment and 
to measure the degree of immunity produced by the toxoid injections against 
a severe form of experimental gas gangrene resembling closely the clinical type 
Determinations of the blood titers of alpha antitoxin were made in 4 to 8 
representative animals m each group to determine any correlation between 
actual immunity and antitoxin levels All surviving animals were observed 
for an additional ten days No other form of therapy or prophylaxis was 
used in these experiments 


RESULTS 

The degree of immunity obtained w'as found to vary between 12 per cent 
and 100 per cent, as measured by the rate and per cent of survival, depending 
on the number of injections, the size of the dose of toxoid, the interval between 
injections, and the severity of challenge 

When two injections of 30 Lbs of Cl welchii toxoid were given (Group 
7B) seven months and 534 months before challenge with 10-10,000 MLD’s 
of Cl zvelclm culture, only 12 per cent of the animals survived the test period 
of 4% days and all of the animals died within six days with extensive lesions 
(Fig I and 2) When the injections wuth the same dose of toxoid were 
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made two months and three weeks before challenge (Group 15) with 1-10,000 
MLDs, 100 per cent of the animals survived for nine days, and 64 pei cent 
were still living 1 5 days after challenge The lesions produced in this group of 
immunized animals were minimal or definitely less severe and extensive than 
those in the control group When the period of immunization was further 
shortened giving the same dose of toxoid in two injections four weeks and 
2^ weeks before similai challenge, the results were not as good and only 
33 per cent of the animals survived the test period of 4% days (Fig i) Like- 
wise the lesions produced were more severe and extensive than m Group 15 

EXPERR'EHTAL GAG GAWCRFWE 
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Toxoid Group 7B - let injection 7 nonthe, End injection 5^ nonthe. 
Toxoid Group 12A- 1st Injeotlon 1 nonth, 2nd injection neeks 
Toxoid Group 15 - 1st injection 2 months, 2nd injection 3 ireeks 


Fig I — Comparing the degree of immunity produced by two injections of Cl welchii 
toxoid in doses of 30 Lbs over periods of one, two, and seven months The results are 
depicted graphically as the rate and percentage of survival 

An increase in the number of injections to three, using the same dose of 
toxoid and over a period of tvo and 234 months (Group 12B) produced a 
high degree of protection against challenge, 63 per cent of the animals sur- 
viving the 4% day peiiod (Fig 3) All of the control animals receiving 
one or more MLDs died in 3% days of fulniinating infections 

When the dose was increased to 40 Lbs and three injections vere given at 
tarying intervals (Group 16A, 16B, 16C, and 16D), different degrees of 
imniunitj’- vere produced vliicli varied vith the time mtert^als behveen injec- 
tion and challenge fFig 4) The gieatest degree of protection vas found in 
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Group i6A in which the lesions were smaller and less severe and in which 
95 per cent of the animals survived the 4% day period when the injections 
were made months, 4^4 months, and ten days before challenge 

When each of two doses of toxoid was increased to 60 Lbs and given at 



-]— I— p-r-j-T f-T— ] r-f— r—T— I j ' T '' 1 ' I ‘ I 

1 2 3 4 5 6 7 8 9 10 11 1-' 

Centlaotere 


!A-.„ - Pie- Ho.-SOSO 



Fig 2 — Comparing the appearance and extent of the lesions of gas gangrene pro- 
duced by challenge with i-io,ooo MLDs of Cl welchii culture in representative animals 
of both control and toxoid immunized groups 

A An example of the fulminating nature of this infection in an untreated or control 
animal 24 hours after challenge with i MLD of Cl welchii culture Death occurred 40 
hours after challenge Note extension of process into abdominal and thoracic walls 

B Showing the very small and healing lesion of clostridial infection m a toxoid 
immunized animal 16 days after challenge with 100 MLDs 

C Illustrating the residual lesion of clostridial infection in a toxoid immunized 
animal that survived challenge with 10,000 MLDs 


one month intervals 3 j 4 to four months before challenge (Groups lyB and 
17D), and a third or booster dose of 30 Lbs was given 10 to 24 days before 
challenge, from 46 to 65 per cent of the animals survived the experimental 
infection produced by i-ioo MLDs of Cl welchii In a third group (i/A) 
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similarly treated with toxoid but exposed to the overwhelming challenge of 
100,000 MLDs only 23 per cent of the animals survived The highest degree 
of protection was manifest in that group receiving the first injection 3^4 
months before challenge (Fig 5) All of the control animals receiving one or 
more MLDs were dead within 2% days of a severe and extensive infection 
Because of the possibility of the toxemia of gas gangrene being produced 
m part by products arising from degenerating muscle, an attempt was made to 
measure any additional antigenic effect of injections of trypsin into muscle 

EXPERIMEMTAL GAS GAl.GREire 
TOXOID nnnniizATioii 



Group 15-2 injeotiono of toxoid at 2 months, 3 Greeks before challenge. 


Fig 3 — Comparing the degree of immunity obtained with three injections of toxoid 
over 2-21/^ month period with that obtained with two injections over the same period 
using toxoid doses of 30 Lbs 


along with toxoid A group of 30 animals was subdivided into two groups of 
15 animals each (Groups XVIID and XVIIDT) Both received three injec- 
tions of 60, 60, and 30 Lb of toxoid at four months, three months, and 24 
days respectively before challenge In addition Group 17 DT received 12 
daily injections of 8 mgms of purified trypsin Challenge with 100 MLD’s 
produced no significant difference in the rate of survnal in the two ptouds 

(Fig 6) ^ P 
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Deteniiinations ot the serum titers of alpha antitoxin \\ere made m 5-8 
representative animals of the different groups The le\ els varied considerably, 
ranging between 05 and 20 units per cc and averaging two and five units 
per cc In Group 15, titers of 10 to 20 units were obtained and it was m this 
group that too per cent sur\nal of the animals occuried during the test period 
of 4 % dais With this one exception there seemed to be no correlation 
betw een the alpha antitoxin lei el and the degree of protection m the animals 
previousli treated with toxoid (Table II) 




Table II 


rercentage of 



Numbtr' of 

Vntitoxin Lc\el 

Sur\n\ al 

T\ pe o*' To-^oid 

Group 

Injections 

(Units) 

in 4-2/3 Daj s 

H 21 \ 

VB 

2 

1-5 

12 

H 24 

12A. 

2 

2-10 

33 

H 24 

15 

2 

10-20 

100 

H 24 

12B 

3 

05-10 

63 

H 24 

13 

3 

1-5 

56 

H 24 

14\ 

2 

5-10 

70 

H 25 

16A. 

3 

2-5 

95 

H 25 

16B 

3 

2-5 

60 

H 25 

16C 

3 

1-10 (2-5 Vv ) 

50 

H 25 

16D 

3 

1-2 

24 

H 25 

17 V 

3 

2-5 

23 

H 25 

17B 

3 

1-2 

65 

H 25 

17D 

3 

2-5 

46 

H 25 

17DT 

3 

2-S 

26 

H 25 

ISV 

2 


2S 

H 25 

19 

2 


52 


A^’ALTSJS OF RESULTS 

The problem of producing effective immunization with toxoid against gas 
gangrene is ler}’ complex It is realized that Cl xcclclm is only one of many 
causative organisms in this disease but is the most frequent and probably 
the most important Our investigations at this time have therefore been 
limited to Its toxoid so as not to introduce other \ariables and unknown 
factors arising from the use of combinations w ith other toxoids The problem 
of effective toxoid proph}laxis against experimental Cl xuelchn infections 
alone has been veiw complicated and difficult In Table II it will be noted that 
three preparations of toxoid were used which were made identically in so far 
as is know n from the same basic materials How ever somew hat higher degrees 
of protection were exhibited b} animals injected with toxoid H 24 than those 
injected with toxoids H 21 A or H 25 In addition the highest alpha antitoxin 
titers were obtained with toxoid H 24 The significance of this obsewation 
has not been determined but it is know n that different preparations of tetanus 
and diphtheria toxoid show larjing degrees of antigemcih’’ Although the 
importance of certain factors has not been measured complete!} it is eiident 
that a high degree of immunit} w as produced in markedl} susceptible animals 
against challenge with i-io 000 AILDs of a highl} virulent strain of Cl zvelchn 
in the presence of crushed muscle and dirt According to a^allable infonna- 
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tion, no other type of toxoid has been subjected to such seveie tests In 
addition it is questionable whether human beings are ever exposed to as many 
as 1,000 or 10,000 MLDs except under most unusual circumstances 

Early in the investigation, only slight protection was obtained with 12 to 
33 per cent of the animals surviving Subsequently the percentage of survival 

pPEPlKESTAL GAS GAKGRErE 
TOXOID naaraizATioii 



LEGEHD 

— — — Control Group 

Group 17A - 3 injeetlone Si months, Zi months, and 10 dajs before challenge 

Group 17B - 3 Injootlonr 3j months, Zg months, and 10 days before challenge. 

Group 17D - 3 injections 4 months, 3 months, and 24 days before challenge. 
Doses of Cl wolohli toxoid 60 - 60 - 30 Lbs 


Fig S — Showing the degree of immunity produced by three injections of toxoid 
during a period of 3 % to 4 months Group i 7 A received an overwhelming challenge 
of 100,000 MLDs 


has been greatly increased, varying between 46 and 100 per cent under difter- 
ent conditions Because of the limitations of time, the duration and best 
methods of producing long term immunity have not been established as yet, 
and further work along this line is imperative 

It IS significant to note that serum antitoxin levels of one to ten units of 
alpha antitoxin have consistently failed to produce adequate protection against 
this type of infection, and only when the blood titers reached 10 to 20 units 
was 100 per cent protection obtained This is contrary to the belief that the 
presence of o i to o 25 units per cc of alpha antitoxin in the circulating blood 
is the critical level of immunity Thus the danger of measuring immunity in 
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gas gangrene on the basis of blood antitoxin levels and the fallacy of assuming 
that levels of o i unit pei cc will protect human beings from actual infection 
IS emphasized 

In addition, the evidence indicates also that experimental gas gangrene 
produced in the presence of crushed muscle and dirt is more severe and 
definitely more refractive to toxoid prophylaxis than the type produced by the 
simple injection of bacteria, just as it was with chemotherapy^® The dis- 
crepancy between the high degree of protection (8o to loo per cent) produced 
by toxoid injections in animals challenged by the simple injection of toxin or 
bacteiia into healthy muscle and the much lower degree of protection in ani- 
mals challenged by the injection of bacteria into operative areas containing 
crushed muscle and dirt suggests the presence of some factor or factois 
other than the known bacterial exotoxins contributing to the toxemia and 
mortality of gas gangrene Our studies suggest that this other toxic factor is 
pi oduced by the growth of virulent bacteria on the crushed muscle The pres- 
ence, nature, and methods of control of such factors are under investigation 
at the present time 

The production of a high degree of immunity against this seveie form of 
Cl tvelchn infection in guinea pigs is significant, and it is an indication that 
effective and complete toxoid prophylaxis is possible in experimental animals, 
particularly if the nature and control of the other toxic factors can be worked 
out Similar experimental studies with toxoids of the other clostndia asso- 
ciated with clinical gas gangrene have been started in anticipation of producing 
an effective mixed toxoid for ultimate clinical use 

SUMMARY AND CONCLUSIONS 

The possibilities of producing effective toxoid immunity against a seveie 
form of experimental gas gangrene developed in the presence of crushed 
muscle and dirt m animals whose susceptibility and antigenic response are 
similar to those of the human have been studied Three hundred and sixty- 
four guinea pigs injected with Cl zvelclni toxoid at various intervals were 
challenged by this method In the early experiments, the degiee of protection 
was low, being 12 and 33 per cent, although blood antitoxin levels in excess 
of o I unit per cc were pi oduced befoie challenge When similar groups of 
animals were challenged with injections of toxin or bacterial culture into 
healthy muscle, 80 to 100 per cent of the animals were protected by blood 
levels 111 excess of o i units per cc In subsequent expeiiments, however, 
modified procedures of immunization with toxoid have gradually increased the 
protection to 50 to 100 per cent of animals The piesence of an unknown 
factoi or factois which contributed to the toxemia and mortality of experi- 
mental gas gangrene developing in the piesence of ciushed muscle and dirt 
is suggested by these studies The high degiee of immunity produced against 
the severe form of infection indicates that effective immunity is possible b}^ 
the injection of toxoid against gas gangrene produced by Cl zvelclm, but the 
duration of the immunity is undetermined 
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Otliei studies aie in progress to inciease and extend the degiee of immu- 
nity aftoided b) injections of Cl 'icclcJui toxoid and to pioduce similai immu- 
nization with toxoids of the othei clostiidia associated wuth gas gangrene m 
anticipation ot the development of an eflective mixed toxoid foi human 
prophylaxis against clinical gas gangiene 
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Discussion — Dr John S Lockwood, New York I want to congratulate Doctor 
Altemeier with warm thanks for this splendid work The development of a toxoid 
against Clostrtdttim welchii was one of the high priority projects of the Committee on 
Medical Research during the war It was the feeling of many of us that the methods of 
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testing employed by the chemists did not necessarily meet the severe conditions of the 
types of compound injuries in which gas gangrene so quickly develops Doctor Altemeier 
has met this need with brilliant success and has proved that the toxoid against Clostridium 
zvclclm will meet experimental conditions of great severity You are all familiar with 
the success of tetanus toxoid during the last war It remains to be seen whether a similar 
measure of success can be achieved with toxoids against the organisms producing gas 
gangrene I think we can question whether it will be possible in as short a time to 
develop as clearcut demonstration of the value of this toxoid as was the case with the 
toxoid against tetanus But this large scale clinical experiment will probably have to be 
carried out some time I am sure we will all await with interest the later stages of this 
important and promising study 

Major General Norman T Kirk, Washington I want to congratulate Doctor 
Altemeier on this excellent research work in connection with the protection from gas 
gangrene diseases by the use of a toxoid The development of a suitable toxoid for 
Cl welchn infection had the highest priority so far as my office was concerned during 
the summer of 1943 A great deal of the work was done in the development of a toxoid 
by OSRD under the direction of the National Research Council We were informed that 
the toxoid had been developed just about the time of V-E Day and that, so far as could be 
told from experiments with animals, it would give protection It was our plan to immunize 
every other division invading Japan with this toxoid to test its worth m the human Plans 
were under way to procure this toxoid from civilian sources when V-J Day came 

In World War I there were some 4000 major amputations I should say that about 
so per cent of these amputations were necessitated to save life from gas gangrene For- 
tunately our fears that the incidence of gas gangrene infection would be high in our Army 
in France did not materialize There was a minimum of this disease in Italy, particularly 
in those troops whose evacuation from the site of injury to the forward surgical installa- 
tions was delayed due to terrain difficulties 

The efficiency of tetanus toxoid was excellently demonstrated in World War II 
There were only about eight cases in our Army It is our hope that an equally effective 
toxoid can be developed for Cl zvelclm and other organisms causing this disease before 
another world conflict In total war, and with the atomic bomb, the civil population will 
need this protection as much as or more than the armed forces 

Again my congratulations and appreciation for this excellent bit of work that is being 
carried out at the University of Cincinnati 

Dr Edward D Churchill, Boston I wish to emphasize the importance of this 
investigation not only to the military forces but to the civilian population as well Doctor 
Glenn reported last year on the experience with tetanus m Manila In the Army the 
incidence of gas gangrene can be reduced greatly by prompt evacuation and proper sur- 
gery, but in any disorganized situation, when there is a retreat, when transportation and 
medical facilities are completely paralyzed, the incidence of gas gangrene goes up imme- 
diately In a disaster that involves the civilian population as war does today, gas gangrene 
will occur So this project is one we hope will be continued with first priority 

Dr W a Altemeier, Cincinnati (closing) I do not wish to imply that the excision 
of devitalized tissue in wounds is no longer necessary This experiment was devised to 
test to the utmost the immunizing power of gas gangrene toxoid, but for obvious reasons 
surgical excision of devitalized tissue is just as important as ever Apparently the anti- 
genicity of preparations of toxoid made at different times has not been uniform, although 
every step m their manufacture seemed to be identical Further experimentation is under 
way to produce ^toxoids with uniform antigenic activity Finally, our goal is to develop 
a mixed toxoid which will be effective for all of the clostndia producing clinical gas 
gangrene 

I wish to thank all the discussers for their kind remarks 
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THE PATHOPHYSIOLOGY OF THE CAUSE OF DEATH FROM 

CORONARY THROMBOSIS* 

Gordon Murray, M D , F.R C S. (Can ), F R.C S (Eng ) 

Toeonto, Canada 

The explanation or the cause of death from coronary thrombosis 
by the cardiologist is frequently ventricular fibrillation or cardiac failure 
The explanation of the reason for low blood pressure is very vague Shock 
and reflex peripheral collapse are mentioned (Schwartz^) It seemed to me, 
that what appears to simulate a picture of shock with low blood pressure, as 
well as the fibrillation that frequently ensues, are inadequately explained by 
the theories in vogue at the present time Measurements of circulation time, 
rate of blood flow, venous pressure, etc , have all added more information to 
the subject but have not demonstrated “why” there is a low blood pressure 
or “why” the heart fails either in fibrillation or without 

It is the purpose of this paper to discuss the results of some experiments 
that are very incomplete but which show to my mind the following points 

(1) Within a few minutes of tying a major branch of the coronary artery 
there is 

(a) Blueness over the area of distribution of the vessel 

(b) Dilatation of this segment of the heart muscle 

(c) Lack of contraction over this area 

(d) As soon as contraction of this area ceases there is paradoxical systole 
of the left ventricle This probably is the most significant finding in 
relation to the signs under discussion 

(e) This IS accompanied by an immediate fall in blood pressure 

(f) and a diminished left ventricular output 

If these effects are allowed to continue there is fibrillation and death 

(2) If the ligature is released from the coronary artery before fibrillation 
sets in, then all these processes reverse themselves and everything returns 
to normal 

EXPERIMENTS 

(a) The experiments are designed in the following way With the 
pericardium open, a suture is placed through the apex of the left ventricle so 
that the heart is under control A point on the anterior descending branch 
of the left coronary artery is selected, proximal to the two or three large 
terminal branches, over the middle portion of the left ventricle This leaves 
one or two branches proximal to the site of ligature The area of heart muscle 
supplied by these branches is outlined in one’s eye and at roughly the periphery 
of these areas, two silk sutures are placed through the epicardium as markers, 
one placed toward the right and the other to the left of the area supplied by 
these branches (Fig i) 

* Read before the American Surgical Association, March 26, 1947, Hot Springs Va 
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Fig 1 — Showing the two markers placed astride large branches of the 
left anterior descending branch of the coronary artery A loop of silk is 
placed loosely and not tied around the artery at the site at which it is to 
be tied 



X 


' 

i 



Fig 2 — Shows the similar area after tying the coronary artery It 
shows the stretching of the area of the heart demonstrated with an increased 
distance between the markers The vessels which are tortuous under ordi- 
narj conditions, here are stretched out and are taut 
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(b) Measui ements between these maikers aie made with callipers so that 
any change in size of this aiea of the heait can he measured Next the coronaiy 
alter} at the site selected abo\e is exposed The accompanying veins aie pio- 
tected and a silk hgatuie is placed aiound the arteiy at this point 

(c) The aitei} is tied and the time noted 

(d) Within a few seconds, measuiements aie continued to be made be- 
tw'een the two markeis on the suiface of the left ventricle 

As well, a laige bianch of the aoitic aich is dissected out, divided and a 
laige bore cannula with a thickw ailed rubbei tube attached, is nisei ted and a 
bull dog clamp applied The animal is injected with a large quantity of 
heparin With this cannula in a large bianch, the blood piessuie of the aoita 
IS measured on a manometer filled with saline and heparin solution This 
iLibbei tube attached to the manometei is arranged so that it can be discon- 
nected and the output fiom its end measuied m a graduate 

It IS noted within a \ery shoit time that theie is an increasing distance 
between these two maikeis, indicating an expansion of the aiea of heart muscle 
supplied b} the vessels which are now^ occluded (Fig 2) 

(e) Within one to one and a half minutes, the maximum expansion of this 
area of heart muscle is obtained and in all cases the expansion has been about 
25 per cent above the measuiements found, befoie the coronary arteiy was tied 

Before and after the hgatuie is tied on the coronaiy artery, the blood 
pressure is taken continuously on the manometer and the results have shown 
invariably that theie has been a fall in blood piessuie (Table I) This begins 


Table I 

SHOEING THE TIME IN SECONDS FOR THE NUXIM \L INCREASE OF DISTANCE BETWEEN THE MARKERS 



Maximum Increase 



Maximum Increase 



Between Markers 

Time in 


Between Markers 

Time in 

Exp No 

Cms 

Seconds 

Exp No 

Cms 

Seconds 

HI 

0 5 

60 

H4 

0 5 

150 

H2 

0 65 

120 

H5 

0 7 

ISO 

H3 

0 6 

180 

H6 

1 0 

180 


not immediately on tying the coronaiy artery, but becomes evident wdien there 
is obvious lack of contraction wuth stretching and dilatation of the area of the 
heart, which is about to become the iiifaict 

It is arranged at this stage that the cannula m the aortic branch is dis- 
connected from the manometer, during some of the experiments, so that the 
output of the heart can be measuied before and after (Graph I) This is done 
by allownng an open flow' of blood through the large-lumen tube, directly into 
a graduate The amount of output of the heait has fallen very considerably 
on all occasions (Graph II) 

The cardiac output expeiiment is done fiequently with the aorta un- 
damped and in other cases it is done wuth the aorta clamped off distal to the 
branch being used, so that most of the ventricular output appeal s through the 
open cannula After withdrawing the blood, which is measured for five beats 
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Graph I — Graph showing the effect produced following ligation of the coronary 
artery There is 

(1) An increased distance between the markers as shown in the measurements m 
the upper line 

(2) The next line shows the blood pressure fall 

When the tie is removed from the coronary artery within two to three minutes the 
infarcted area regains its color Its expansion shrinks down to normal again The 
V essels again become tortuous The blood pressure and cardiac output return to normal 
and the distance between the markers returns to normal If, however, the tie is left on 
too long, the condition becomes irreversible Then the infarct remains as a permanent 
effect and within a very few minutes the animal will die With an infarct which does 
not recover, the animal is loosing his blood pressure and cardiac output, there is 
visible dilatation of the right heart until this becomes enormous In other words, the 
left ventricle is unable to put out the amount of blood which is returned to it and this 
goes through a progressive change until with failure of the left ventricle, the right 
\entricle is dilated enormously and ultimately fails with fibrillation of both left and 
right ventricles 
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on each occasion, the blood is leturned to the animal so that the blood volume 
IS not changed throughout the remainder of the expei iment 

Electrocardiographic tracings aie also made during the different stages of 
doing this experiment so that the effect here can be compared ith those which 
can be demonstrated by the other methods of investigation 

To prevent the expansion of the infaicted area a patch of firm cloth is 
stitched to the epicardium around the peiiphery of the aiea to become infaicted, 
before the artery is tied off This is stitched dovn in such a way that the 
cloth IS taut and will tend to prevent bulging when the infarct begins to 
make its appearance Undei these conditions there is a drop, but less of a diop 
of blood pressuie and not so great a fall in the cardiac output 

RESECTION OF VENTRICLE 

The next pait of the expei iment has to do wuth an attempt at overcoming 
the effect of such a coronary occlusion \f'hen tlie artery has been tied oft and 



Fig 3 — Shows the infarct resected and still holding b} a pedicle which 
will be removed The sutures are in place 


there is maximal dilatation of the area to be infaicted, wuth the fall in blood 
pressure, and the diminished cardiac output, then an attempt is made to 
resect the mfarcted area of the left ventricle (Fig 3) This has been accom- 
plished quite satisfactorily in 25 dogs and has been done in the following w^ay 
The area mfarcted is easil}’^ visible A continuous mattress type of cat-gut 
suture is passed through the ventricle approximating the margins of the 
mfarcted area leaving the mfarcted area projecting out of the cardiac cavity 
as a loop ^^^hen this has been tightened up, fairly satisfactory hemastasis 
IS obtained The mfarcted area can then be excised quite neatlj with a scalpel, 
taking care not to cut the suture which is vital at this time Following re- 
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mo^al of the infaict, the aiea is again oveisewn and a satisfactoiy icpaii can 
be obtained In some the total lepair has been done with cat gut, in otheis 
silk sutiii es ha-\ e been applied on the sui face to add moi e suppoi t 

The lesults of remoMiig this infaict pioduce an astonishing effect in the 
animal The cardiac output inci eases considerabl} and the blood piessuie 
uses model ately although it does not letmn to the oiiginal level When this 
has been done satisfactoi ily, the animal which one wmuld judge, fiom contiol 
expel iments would die, suivives quite satisfactoi ily and most of them have 
made quite a good reco\en In m3 expeiience, I wmuld think that piactically 
all animals in w'hom we had lesected this aiea wmuld have died of dilatation 
and final!} fibrillation and heait failuie It is interesting, therefore, that 
mail} of these animals aie alue and quite well foi as long as one to twm 
3 ears later 

The accompan3ing photogiaphs show the cioss sections of heaits of animals 
which w'ere sacrificed at the times given and show the state of the w^all of the 
lentiicle after resection of the infarct (Figs 5, 6 and 7) at the various 
intervals These animals follow ms; lesection of the ventricle aie not in bad 
health but recover vei}' quickh' and w’lthin a short time carry on as do normal 
animals Theie seems to be no limitation of function and no disabilit}^ on this 
account The} aie quite vigoious and strong and have plenty of energy 

DISCUSSION 

My thoughts and expei iments on this subject lead me to believe that when 
a coionary attack occurs, w^hethei it be spasm or complete occlusion, an 
infaict IS produced in the heait muscle If it is placed so that it involves the 
conducting mechanism, it maj mteifeie with conduction and embarrass the 
heart, from that point of view' If the conducting mechanism is not involved, 
then It produces an aiea, which within a ver}' short time is non-contractile 
This area becomes dilated and acts as an expansion chamber When the ven- 
tiicle contracts, varying amounts of the blood of the ventricle, depending on 
the size of the infai ct, are forced into this elastic chamber The effectiveness of 
the conti action is paitly lost because of this expanding chamber and conse- 
quently the amount of blood delivered into the aoita is much diminished 
This paiadoxical systole (Fig 8), to m3' mind, piobably accounts for many 
of the s3mptoms fiom w'hich the coionaiy patient suffers, namely low blood 
piessure signs of shock, lack of energ}', and all the symptoms related to this 
lack of adequate peripheral cii dilation It provides an explanation for the 
pictuie of shock w'hich is evident in many of these patients If the condition 
persists or the infarct is of a fairly large size, depending on the reserve power 
of the remainder of the heart, the patient goes through progressive changes 
until ultimately fibrillation or failure occurs, but these are terminal events only 

The medical treatment of such a condition can be palliative only Meas- 
uies to try to increase the blood piessure and blood volume may improve the 
situation somew'hat, but theie is nothing that can be done to this expansion 
chamber, produced by the mfarcted area, to make it function better There 
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are no drugs that have any efifect on this They may whip up the remaining 
heart muscles to make a greater effort, but much of this effort is lost in the 
expansion chamber This is a situation somewhat similar to the state of affairs 
in an arteriovenous aneurysm or peripheral aneurysm elsewhere In a clinical 
patient it is possible that the degree of fall of blood pressure, is a measure of 
the size and significance of the expansion chamber, produced by the infarcted 
area This is fairly well born out by the fact, that clinicians are quite aware, 
that the patient who has a very low blood pressure, is the patient who is in 
the more critical condition, as a result of his coronary occlusion 

TREATMENT 

While it IS obviously facetious at this stage to make the following remarks, 
still I have a conviction that, as medical treatment is so ineffective, and is en- 
tirely helpless, except from a palliative point of view, the day may come, when 
the best plan of dealing with a coronar}'^ thrombosis, would be an emergency 
operation This should be undertaken before the patient gets a large expan- 
sion chamber, which will ultimatel} cause heart failure The approach is not 
difficult, and the right or left coronary areas could easily be excised and re- 
paired with relative safety This would accomplish two things ( i ) It would 
overcome the immediate effect of the expansion chamber and save the patient 
from cardiac collapse (2) As well it would remove the infarcted area, so 
that the coronary artery, which was occluded, would from then on, be of no 
significance It would as well, remove the part of the heart 111 which a cardiac 
aneurysm may develop and winch ultimatel}? may rupture As well it would 
relieve the patient of the dangers of acute rupture of an infarct, within a few 
days of the time of infarction 

This perspective, then places on the cardiologist the responsibility of being 
able to decide, just where m the heart, is this infarcted area If it involves the 
anterior descending branch of the left coronary, which is the commonest site, 
this is readily accessible, and is quite easily dealt with surgically If it 
involves the posterior suiface of the left ventricle, or the left lateral surface, 
this also IS easily dealt with The area so far, which is relatively inaccessible, 
IS the septal area but with an infarct involving the septum, if it does not inter- 
fere with the conducting mechanism, it is supported somewhat, by pressure 
of the right ventricle, and so far as I can see from recorded writings,* is 
less likely to produce aneurysms, ruptures and the other acute catastrophies 

As this IS making drastic inroads on the physician’s territory, I have some 
doubts if my colleagues in medicine, will consider, that surgical treatment of 
this lesion is reasonable Possibly I may not see a suitable case on which this 
could be done, but I feel at the present time, that in a properly selected case, 
this could be done with dispatch, with less danger than waiting for the unpre- 
dictable effects of the coronary occlusion to develop, and that ultimately the 
patient might be cured 

The question of the anesthetic is not a serious one, because there is some 
evidence to suggest that a patient under ether anesthesia is in less danger 
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Fig 4 — Shows the infarcted area remo\ed and the defect repaired by 
sutures giving satisfactory hemastasis 



Fig 5 — Photograph of a cross section of the left and right 
ventricles showing the site of resection of an infarct one year 
previously There is scar uniting the muscle on each side There 
IS a good lumen to the left ventricle and the remaining muscle 
IS normal 
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Fig 7 — Photomicrograph showing the appearance of the scar uniting the 
left ventricle at the site at which the infarct was excised 
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\Mth a coionan occlusion, than he is ^Mthout the anesthetic It might be a 
Naliiable measure to apply, foi its immediate eftect, and if the mfarcted area 
weie lesected the patient might waken up with bettei prospects of survival, 
and of cure of his disease, from this particular attack 


SmiAIAHY 

(i) A condition of paiadoxical systole has been demonstiated experi- 
mentally 111 lieai ts in animals follov mg coi onarj occlusion 


Diastole 


Systole 




chamber 



Paradoxical systole 

Fig 8 — Diagramatic representation of a Nentncle in full dila- 
tation, then the relative occlusion of the cavity with systole, and 
next the diagrammatic representation of the expansion chamber 
produced by the mfarcted area which makes it impossible for the 
Nentricle to empty itself or to deliver its regulation amount of 
blood, both because of the expansion chamber and secondl} because 
there is less muscle area in its wall with the ability of contraction to 
expel the normal contents 


(2) This State is accompanied by a fall in blood piessuie and diminished 
caidiac output 

(3) Following resection of the mfarcted area in the heait, there is an 
improvement in blood pressure and m cardiac output 

(4) It has been demonstrated that compared with a control group of 
animals, the prospects of survival are 8 o% 

(5) It was suggested that the best treatment of acute coronary occlusion 
in the human being m selected cases might be, by immediate surgical operation 
This would provide 
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(a) A better chance of survival from the effects of a severe and large 
infarct from a major occlusion and 

(b) A cure of the patient from an mfarcted area of the heart which 
would eliminate the dangers of acute rupture, aneurysm and subse- 
quent rupture It would remove all the effects of a coronary occlusion 
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Discussion — Dr Alfrld Blalock, Baltimore I was sitting next to Dr Rudolph 
Matas vvhile Dr Gordon Murray was presenting his paper and he stated to me that tins 
work may be epoch-making The lack of prolonged discussion is probably due to the fact 
that others are as amazed by these brilliant experimental observations as I am 

There is no more important problem in medicine and surgery than that which Doctor 
Murray is tackling Coronary occlusion ranks high in the list of causes of death A 
great deal of work is being done in various laboratories in an effort to find a satisfactory 
treatment for this common disorder Fortunately more money will be available in the 
future for additional studies on heart disease 

It IS only natural that Doctor Murray would hesitate to transfer immediately his 
experimental observations to the treatment of the patient When one realizes that the 
average survival period of patients who survive the first attack of coronary occlusion is 
approximately five years, one hesitates to carry out what appears to be at this time a 
radical surgical procedure I doubt if such a procedure appears to us to be more radical 
and bold than did the suture of heart wounds 50 years ago 

The fact that Doctor Murray was able to prevent the death of animals following 
coronary occlusion by excision of the mfarcted area is a magnificent accomplishment 
I believe that there will ultimately be a clinical application for his findings and it is to 
be hoped that Doctor Murray will continue and extend his studies 
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FACTORS LIMITING SURGERY FOR ESSENTIAL HYPERTENSION* 

Peter Heinbecker, M D.f 

St Louis, Mo 

FROM THb DEPARTMENT OF SURGERY, WASHINGTON UNIVERSITI SCHOOL OF MEDICINE 
AND BARNES HOSPITAL ST LOUIS MO 

INTRODUCTION 

The surgical ireaiment of essential hypertension has been based on 
the concept that it is due to overaction of the sympathetic nervous system 
Such overactivity has been attributed either to a disturbance in the higher 
functions of the brain, or to a decrease m the inhibitory influence of the 
moderator aflferent nerves from the carotid sinus and the arch of the aorta 
The increased activity of the sympathetic nervous system has been pictured 
as causing general or local vasoconstriction and an increased secretion of 
epinephrine More recently such overaction has been regarded as responsible 
for the constriction of the renal blood vessels, thus leading to a release of 
renin 

To counteract the effect of S3unpathetic overaction and to lower the blood 
pressure, it has been deemed advisable to enlarge the vascular bed by denei- 
vation In addition, the operations also denen^ated the adrenal medulla and 
the kidney blood vessels 

It IS the purpose of this paper to present evidence that the entire concept 
of overactivity of the sympathetic nervous system as an important and 
primary cause of essential hypertension should be abandoned It is also 
hoped that the presentation of a new concept of the pathogenesis of essential 
hypertension will indicate how operations on the sympathetic nervous system 
can modify the initiating factors of essential hypertension Knowing these 
facts, it will be possible to outline the limits beyond which some operations 
as now practised are useless and may be harmful 

effects of overaction of sympathetic nervous system 

Through experimental and clinical observation the manifestations of 
overaction of the sympathetic system are well known Among those easily 
recognized are dilation of the pupil, pallor of the skin, increased activity of 
the sweat glands, tachycardia, salivation, hypertension of the diastolic type 
and hyperglycemia Restlessness and tremor are characteristically present, 
an indirect effect of epinephrine release Similar signs and symptoms are 
exhibited in persons in whom tumors of the adrenal medulla cause diastolic 
hypertension It is accepted that the excess release of epinephrine has effects 
similar to overa ction of the adrenergic fibers of the sympathetic nervous 

* Read before the American Surgical Association, March 26, 1947, Hot Springs Va 
t Recipient of a grant in-aid-of research from the Commonwealth Fund 
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s^stem Howevei, in peisons -vMth essential hypertension such evidence of 
ovei action of the sympathetic nervous system is not seen They are exhibited 
to a maiked degree in children vith acrodynia, where diastolic hypertension 
IS a constant finding 

THE CIKCULATION IN ESSENTIAL HYPERTENSION 

Studies of the circulation in essential hypei tension haA^e shown that the 
laised aiterial piessure is not due to an iiici eased cardiac output or to increased 
blood viscosity, for these have been measured and found noimal It is recog- 
nized that diastolic hypei tension is due to narioving of the small arteries 
and arterioles The h3'’di ostatic pressuie within the capillaries, the venules 
and the veins is normal Intensive studies of the conditions of blood flow 
through the various tissues of the body such as the skin, the muscles, the 
brain and the kidneys in essential hypertension have been carried out (Pick- 
eimg, 1935) It has been found, for instance, that the aiterioles of the skin 
are narrow^ed, but that when the vasomotor influences are removed leflexlv 
or by chemical block, the increase in blood flow' is no greatei, but sometimes 
a little less in subjects with benign and malignant hypeitension than it is 111 
subjects of compaiable age wuth normal pressures On such evidence it has 
been concluded that in essential hypeitension the hand vessels are narrowed 
by a non-nervous agent, and this nairowung is of an ordei wdnch, if generally 
distributed throughout the body, would account for the hypertension Since 
the skin vessels are larely and inconsiderably involved in the arteriosclerosis 
of hypertension, the nan ownng is presumably not of sti uctural but of humoral 
origin Goldring, Chassis, Ranges and Smith (1941) have investigated, 
tlnough the use of diodrast and inulin clearances, the lenal cn dilation in 60 
cases of essential hypeitension of all grades of severity, and found that the 
eftective renal blood flow as inferred from the diodiast cleaiances w'as 
1 educed, the late of the glomeiular filtiation is much less reduced than the 
tubular function so that the fraction of the renal blood flow' filtered off into 
the glomeruli is increased They also found tliat in all but thiee cases the 
lenal excietoiy mass was 1 educed It w'as evident fiom their studies that in 
hypeitension, including essential hypertension, the effeient glomemlai arteries 
are constiicted These investigatoi s concluded likew'ise that m essential hypei- 
tension the vasoconstiiction in the lenal aiterioles is not nenous in origin 
because the renal blood flow' is not mci eased, nor is the filtration fi action 
lowered by opeiations m w'hicli the sympathetic neive supplj' to the kidneys 
has been divided 

The second hypothesis that essential hypeitension could lesult from OA'ei- 
action of the sympathetic nen'ous system because of underaction of inhibitory 
influences normallj' arising in the carotid sinus and the aortic arch, received 
support w'hen it w'as shown by Koch, Mies and Nordmann (1927) among 
others that section of the carotid sinus and the depressor nerves could produce 
hypertension Hoivever, it AAas show'n by Pickering, Kissin, and Rothchild 
(1936) that the carotid sinus mechanism is active in essential hypertension 
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and the tach}caidia, which is a constant featuie of this t}pe of expeiimental 
hypertension, is not piesent in humans with essential hypertension 

Evidence that in essential h} pertension the vasculai nai i ow mg is humoi al 
and not primarily neivous, is found also m the obseivation that during surgical 
anesthesia wnth ether when the skin is pink, indicating vasodilation, the blood 
pressure lemains w^ell elevated above the levels obseived in peisons with 
noimal blood pressure under similai conditions The persistent elevation of 
the blood pressuie cannot be attiibuted always to geneiahzed occlusive changes 
because the blood vessels as seen m muscle and renal biopsy mateiial may 
show minimal degiees of occlusne nan owing (Castleman and Smithwick, 

1943) 

THE PATHOGENESIS OF DIASTOLIC HYPERTENSION 
The lesults of studies of Cushing’s syndiome have been utilized as a basis 
for a concept of the pathogenesis of essential hypei tension because in both 
states there invaiiably develops diastolic hypei tension and arteiiolar sclerosis 
Studies of the ciiculation in Cushing’s syndiome have demonstiated that it 
IS similar in its essential chaiacteristics to that exhibited by peisons wnth 
essential hypertension Thus, the skin vessels m each aie constiicted but the 
degree of constiiction is such that the blood flow through them under the 
existing increased arterial pressure is normal or only slightly i educed In 
both the efferent glomerulai aiteiioles are constricted first, and then wnth 
progression of the disease piocesses the total lenal blood flow^ also is reduced 
The primary causes of Cushing’s syndiome have been shown to be a tumor 
of the adrenal cortex, a tumor of the thymus, a tumor of the ovaiy, or an 
atrophy of the hypothalamic nuclei, particularly the paraventricular and the 
supraoptic (Hembeckei, 1946) These aie the nuclei which mneivate the 
neural liypoph) sis and control its function It has been established that most, 
if not all, persons wnth Cushing’s syndiome, regaidless of the primary cause, 
exhibit some degi ee of polyuria and of polyphagia It has also been established 
that regardless of the primary cause, there occurs a degeneration or hyahn- 
ization of the basophil cells, w^hile the eosinophil cells are relatively or actually 
increased in number Evidence of overaction of these eosinophil cells is 
indicated by a decreased insulin sensitivity, by a deciease m the lymphocytes 
of the circulating blood, by masculinization, and by the development of 
obesity Evidence for these statements is based on the results of experimental 
studies previously reported on (Hembecker, 1944), or now' in process in our 
laboratory Foi dogs, it has been concluded that the eosinophil cells are 
trophic to the adienal coitex This haimonizes wuth the observation of func- 
tional overaction or of hypei trophy so frequently encountered in persons with 
Cushing’s syndrome w'hen no actual tumoi of the adienal cortex is present 
The hyalmization or degranulation of the basophil cells is considered to be 
associated with underaction, because of the elevated blood cholesterol and 
the diminution in basal metabolic late observed 111 such persons Experi- 
mentally It has been shown that the basophil cells are trophic to the thyroid 
gland and to the germ cells 
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An experimental basis for the preponderance of the eosinophil cells with 
a depression of the basophil cells has been obtained in experimental studies 
m the dog (Hembecker, White and Rolf, 1944) It has been established that 
when the neural hypophysis is denervated a marked cytological change occurs 
m the glandular hypophysis Basophil cells disappear, while the eosinophil 
cells are preponderant and apparently overactive The interpretation is made 
that through loss of the secretion of the neural hypophysis, or its neutraliza- 
tion when a tumor of the adrenal is the primary cause, maturation of the 
basophil cells fails to occur, while the eosinophil cells mature and are stim- 
ulated A similar but less marked preponderance and overaction of the eosino- 
phil cells follows a lesion m the posterior hypothalamus severing the fibers 
between the thalamus and subthalamus and the paired paraventricular nucleus 
It also follows a production of partial asphyxia of one adrenal and the wrap- 
ping of one kidney m silk with removal of the other It is significant that 
these experimental procedures give rise to varying degrees of diastolic hyper- 
tension There develops m pregnancy also a preponderance of eosinophil 
cells in the glandular hypophysis It is presumably due to overaction of these 
cells that there develops an enlargement of the adrenal glands In those con- 
stitutionally susceptible, pregnancy may be associated with the development 
of diastolic hypertension 

Evidence from experiments on dogs, which will be presented in detail 
elsewhere, is believed to afford an explanation of the manner of development 
of diastolic hypertension in these various states It has been found that fol- 
lowing the administration of an extract from the anterior lobe of the pituitary 
or of adrenal cortical extract or, and particularly, by the simultaneous admin- 
istration of these two extracts there results a constriction of the efferent 
glomerular arteries (Hembecker, Rolf and White, 1943, White, Hembecker 
and Rolf, 1947, m press) This in turn, by decreasing the blood flow to the 
renal tubules, is considered to lead to a release of renin The combined action 
of these three humors is held responsible for the extra-renal arteriolar nar- 
rowing and thus for the development of diastolic hypertension 

To account for the development of hypertension in persons where there 
are no recognizable primary causes such as have been demonstrated m 
Cushing’s syndrome, and who therefore have been designated as having essen- 
tial hypertension, it is postulated that functional influences in the central 
nervous system, particularly in the frontal lobes of the cerebral cortex, nor- 
mally may depress the hypothalamic nuclei which control the secretion of the 
neural hypophysis The anatomic and physiologic bases for such influences are 
well established On depression of the functional activity of these nuclei there 
results a diminution in the secretion of the neural hypophysis This, on the 
basis of the experimental evidence presented, can be assumed to result m a 
stimulation of the eosinophil cells of the glandular hypophysis and these in 
turn to stimulate the adrenal cortex to greater activity The combined influ- 
ence of the anterior pituitary hormone and of the adrenal cortical hormone is 
to effect a constriction of the efferent glomerular arterioles of the kidney and 
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a release of renin The combined action of all three humors here as in Cush- 
ing’s syndrome is held responsible for the arteriolar narrowing and the 
development of diastolic hypertension 

It IS apparent that according to this hypothesis all persons with diabetes 
insipidus might be expected to develop essential hypertension Analysis of 
recent cases at Barnes Hospital has revealed that four of 12 persons with 
persistent marked dictbetes insipidus, indicating thereby the presence of some 
glandular hypophysis (Heinbecker, White and Rolf, 1947) exhibited a dias- 
tolic blood pressure above 100 mm Hg While this percentage incidence is 
higher than that which occurs in the normal population it indicates neverthe- 
less that in order to account for the development of essential hypertension 
in persons who do not exhibit diabetes insipidus, it is necessary to postulate 
that not only must there result a sufficient functional depression of the neural 
hypophysis as a result of influences \Mthm the nervous system, particularly 
from the frontal cortex, but there must be also a susceptibility of the smooth 
muscle of the blood vessels to the vasoconstrictmg action of the humoral agents 
involved m the production of diastolic hypertension 

Other experimental evidence indicates that the combined overaction of 
the eosinophil cells and the adrenal cortical hormone increases the deposition 
of neutral fats in certain tissues, including the blood vessels, and raises the 
cholesterol content of the plasma (Heinbecker, White and Rolf, 1944, loc 
cit ) Evidence indicating that such metabolic disturbances are of primary 
importance m the development of arteriolar sclerosis in persons with Cush- 
ing’s syndrome has been presented (Heinbecker, 1944, loc cit ) It seems 
reasonable to assume that they play a similar role in the development of the 
arteriolar sclerosis when associated with essential hypertension Thus, the 
same influences which lead to hypertension are regarded as leading to the 
arteriolar changes associated with it 

DISCUSSION 

If one accepts the implications of the studies of the circulation in diastolic 
hypertension, it is clear that such hypertension can no longer be attributed 
mainly to overaction of the vasomotor nervous system Likewise, an analysis 
of the clinical signs and symptoms exhibited by persons wuth essential hyper- 
tension lends no support to the idea In contrast, the clinical signs and symp- 
toms associated with the diastolic hypertension in persons with acrodynia and 
in the hypertension associated with epinephrine secreting tumors, the pheo- 
chromocytomata, are easily recognizable and m clear agreement with the 
responses of stimulation of sympathetic nerve trunks or of the intravenous 
injection of epinephrine in man and the experimental animal 

The concept of the pathogenesis of diastolic hypertension herein presented 
affords an explanation for many difficulties associated with the acceptance of 
others previously presented First, it offers a reasonable explanation as to 
how functional disturbances m the central nervous system can modify the 
function of the glandular hypophysis and thereby of all endocrine glands 
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normally under its trophic influence rrithout the existence of any direct 
nervous connection bet\\een the neural and the glandular hypophysis It 
also provides a mechanism foi the constriction of the efferent glomerular 
arterioles of the kidney, and thereb}'’ for the release of renin other than over- 
action of the sympathetic nervous system Clinical studies of hypertension 
have shown that the latter hypothesis is not tenable The concept presented 
here provides for an initiating humoral mechanism for the activation of a 
lenm mechanism not of primary origin m the kidney The fact that constitu- 
tional susceptibility must be assumed to explain the development of hyper- 
tension by this mechanism is regrettable from the physiological standpoint, 
but is 111 accord with well supported clinical observations It is consistent 
with the evidence that with depression of the secretion of the neural hypophysis 
there occurs a sensitization of the smooth musculature, including that of the 
blood vessels to epinephrine (Hembeckei, 1937) to adrenal cortical hormone 
and to renin (Heinbecker, unpublished data) 

The implications of the concept of the pathogenesis of hypertension perti- 
nent to our problem are that theie are but two organs producing the hormones 
concerned m the causation of essential h)'pertension which can be modified by 
sympathectomy These are the kidney and the adienal gland The results of 
anatomic investigations concerning the innervation of the kidney and the 
adrenal glands aie in agreement in showing that the neives to the adrenal 
gland and the kidney pass from the celiac ganglion and the upper two lumbar 
ganglia The fibei s which go to the celiac ganglion are derived from the three 
splanchnic nerves Any operation which sections the splanchnic nerves prior 
to their junction with the celiac ganglion and the upper two lumbai ganglia 
must therefore effectively deneivate the adrenal gland and the kidney 

The effect of a lemoval of sympathetic nerves more extensive than that 
outlined above can be only to temporarily enlarge the vascular bed under such 
sympathetic control That the enlargement is temporal y has been w'ell estab- 
lished by the experimental w^oik of Cannon (1932) and of others After a 
period of^time has elapsed, the aiteiies return to their normal calibre through 
the action of an intrinsic mechanism w'hich is not nervous in character Reflex 
narrowing of the deneivated vessels is eliminated This, however, for reasons 
stated is not deemed significant in the pathogenesis of essential hypertension 
The adrenal cortex is not diiectly innervated by the sympathetic nervous 
system The adrenal medulla, on the other hand, is dependent upon sympa- 
thetic innervation for its secietory activity Denervation of the adrenal medulla 
is regarded as of gieat significance m the treatment of essential hypertension 
A decrease in the amount of its secietion is held to be lesponsible for the 
depression of the excitability of the central neivous sj'stem foi influences 
which normally lead to a depiession of the hypothalamus The evidence in 
support of this concept is both experimental and clinical Electroencephalo- 
graphic studies in the cat, carried out in our laboratory, have shown that 
epinephrine has a profound excitator}'^ influence on the activity of the central 
nervous system including the frontal lobe The increased activity is demon- 
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strated by an increase in amplitude and frequency of the waves recorded from 
the surface of the brain (Hembecker and Bartley, unpublished data) The 
effect of epinephrine on the isolated, spontaneously active ganglion cells on 
the limulus heart cord is to increase the frequency and the magnitude of the 
ganglion cell response (Hembecker, 1933) The assumption is therefoie 
made that a marked decrease m circulating epinephrine would lead to les- 
sened irritability of the cells of the central nervous system, particularly those 
of the cerebral cortex 

It must be admitted that hypertension may serve a useful purpose Even 
with the elevation in pressure the circulation to the various tissues of the 
body IS not increased It is known that the flow to the kidneys may be 
decreased Only in the kidneys does there exist an intrinsic mechanism for 
increasing the blood pressure and thereby the renal blood flow Present evi- 
dence indicates that renin is released whenever the circulation to the renal 
tubules is decreased In extensive sympathectomy the temporary increase in 
the size of the vascular bed results frequently m a decrease in blood pressure 
without any increase in blood volmne There is evidence that the cardiac 
output IS decreased (Crimson, 1946) Because of these facts it follows that 
if the vascular narrowing in the kidneys is primarily humoial and iion- 
nervous, the shunting of blood from the kidneys which must result fiom 
extensive sympathectomy would not only unpair the renal function but also 
increase the release of renin which may be markedly injurious to the blood 
vessels of the body if sufficient in amount 

The observation that operations for hypertension are more effective m 
the young than m the old can be explained on the basis that the narrowing 
of the arterioles in this stage of the hypertensive process is largely functional 
Inasmuch as the initiating mechanism responsible for the ultimate vascular 
narrowing has been stated as being in the central nervous system, it follows 
that any depression of its activity such as would be effected through denerva- 
tion of the adrenals would depress the physiologic factors responsible for the 
hypertension Only when persons with hypertension are in the state where 
depression of the mechanism for hypertension can account for the depression 
of blood pressure which follows operations for hypertension are they justified 
The concept that hypertension per se is responsible for the degenerative 
changes of blood vessels is not supported by the experimental evidence Thus, 
Goldblatt (1947) has found that dogs made hypertensive by renal blood vessel 
clamping, even after six years of hypertension, do not show arteriolar 
sclerosis such as is seen at autopsy in human beings with essential hyperten- 
sion The only significant change manifest in the arterioles of animals after 
prolonged hypertension is a thickening of the musculature of the arteriolar 
walls corresponding to the concentric muscular thickening of the left ven- 
tricle Changes which characterize the arteriolar sclerosis of essential hyper- 
tension are to be attributed to the metabolic disturbances initiated by over- 
action of the hormone of the eosinophil cells of the hypophysis acting in 
combination with the associated overactivity of the adrenal cortex The acute 
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degenerative changes in the arterioles found in the malignant phase of essential 
h3rpertension are reproducible in dogs when an excess of renin is released 
(Goldblatt, 1947, loc cit ) From these facts it may be concluded that the 
lowering of blood piessure by the extensive denervation of the blood vessels 
cannot be expected to serve an}' useful purpose m preseiving them from 
arteriolar sclerosis and denegeration 


STOIAIARY 

Evidence is presented to establish that a humoial mechanism, not over- 
action of the sympathetic neivous system, is the piimai}' cause of essential 
hypei tension 

A concept of the pathogenesis of essential h}pei tension is outlined It is 
postulated on the basis of studies of Cushing’s syndrome and of studies of 
hypothalamico-hypophysial 1 elationships in the dog, that m man hypophysial 
eosinophil cell overaction with a resultant trophic stimulation of the adrenal 
cortex due to functional depiession of the hypothalamic nuclei innervating the 
neural hypophysis is the pnmar}' cause of essential h}pertension The com- 
bined influence of the eosinophil cell — adrenal cortical hoimone complex is to 
constrict the efferent glomeiular arteiioles of the kidney to lesult m a lelease 
of renin The combined action of these three hormones causes hypei tension 
and also the arteiiolar sclerosis and degeneiation ultimately associated with it 
A constitutional susceptibility of the hypothalamus to depression and of the 
blood vessels to the constiicting action of the hoimones concerned in the 
causation of hypertension is deemed a preiequisite 

The role of epinephrine m h}pei tension is one of stimulation of the fiontal 
lobes of the cerebial coitex Its deciease by sympathectomy of the adienal 
medulla is consideied to be the mechanism vheieby the production of hor- 
mones concerned in the pathogenesis of essential hypertension are decreased 
Its decrease is lesponsible also in large measure foi the relief fiom the symp- 
toms of hypertension refeiable to the nervous system following s}mpathec- 
tomy of the adrenals 

Hypertension is legarded as a response of the body to a set of circum- 
stances vhich threatens the adequate blood flow to the kidneys A procedure 
IS desirable only when it is capable of lessening the intensity of the humoral 
mechanism responsible foi this deficiency of lenal blood flow and when the 
consequent drop in blood piessure lesults fiom lemoval of the thieatenmg 
circumstances rather than fiom an enlaigeinent of the vasculai bed 

In the treatment of hypertension the only two oigans capable of releasing 
bumors concerned with the pathogenesis and svmjjtoinatology of hypertension 
and whose function can be modified by s\ mpathectoiny are the kidneys and 
the adrenals It follow's that aii} beneficial effect to be obtained by removal 
of portions of the sympathetic neivous s}stein 111 the treatment of essential 
hypertension is to be obtained when such removal results in a denervation of 
the adrenals and the kidneys 
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The removal of poitions of the sympathetic iieivous system moie extensive 
than is leqmied foi deneivation of the adienals and the kidneys is unnec- 
essary It can have no influence on the causal mechanism of essential hyper- 
tension The tempoiaiil} gieatei enlaigement of the vasculai bed effected 
thereby may cause a sbunting of blood fiom the kidneys sufficient to impair 
their function and theieby, thiough the lelease of lenin, accelerate the degen- 
erative changes m the extra-renal blood vessels 
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Discussion — Dr W McK Craig, Rochester, Alinn In any consideration of the 
surgical treatment of hypertension it is apparent the causative factors must be kept m 
mind Hypertension in the concept of Richard Bright was caused by kidney involvement, 
but Sir Wilham Gull suggested that narrowing of the arterioles pla3^ed an important role 
Ever since that time the cause of h3^pertension has been controversial Doctor Hem- 
becker has presented a logical and comprehensive argument m favor of a minimal surgical 
removal of the sympathetic nervous system, but m contrast to his argument there are 
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some convincing reports in the literature that more extensive portions of the sympathetic 
nervous system should be removed The challenge which the surgical treatment of hyper- 
tension must accept is based on a graph designed by the combined researches of the 
interest and the ophthalmologist m which the various groups are portrayed with the life 
expectancy The groups range from I to IV depending upon the severity of the disease 

Any successful treatment of hypertension should alter the prognosis of the disease 
as portrayed in the delineation of the four groups If by surgical intervention we can 
change the course of any group we have accomplished something, for that in itself is an 
acknowledgment of a change in prognosis 

The removal of the subdiaphragmatic portion of the splanchnic nerves and the 
ganglionated trunk has accomplished something in the treatment of hypertension, but more 
extensive resections of the splanchnic nerves and ganglionated trunks are being done with 
gratifying and interesting results Time will prove how much of the sympathetic nervous 
system will have to be removed in order to influence the ultimate course of the hyper- 
tensive patient 

Dr Peter Heinbecker, St Louis (closing) I thank Doctor Craig for his discussion 
I do not wish to leave the impression that I consider the adrenals and kidneys to be the 
only organs which have to do with hypertension They are the only ones whose function 
can be modified by sympathectomy Also, I do not agree that there is any necessity for a 
more extensive operation to denervate the adrenals and the kidneys than that originally 
described by Craig and Adson When I analyze the reports of various operators in this 
field I can see no difference iii their results, if we take into consideration the age of the 
patient and the age of the disease 
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THE PARADOX OF ACIDURIA IN THE PRESENCE OF 
ALKALOSIS CAUSED BY HYPOCHLOREMIA* 
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WITH THE TECHNICAL ASSISTANCE OF MISS RACHEL LEWIS 

Richmond, Vihoinia 
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The PARADOX of acid urine excretion m the presence of internal alkalosis 
caused by loss of gastric juice is a phenomenon that has been recognized by a 
few investigators especially interested in the acid-base balance, but remains 
unfamiliar to most physicians In this day of sulfonamide therapy and whole 
blood transfusions, with the accompanying increasing frequency of occasions 
when alkalinization of urine is considered desirable, it becomes pertinent to 
study the details of a condition in which a low urine pH does not indicate 
either the desirability or the safety of alkali administration 

An acid urine in the presence of internal alkalosis may be encountered 
whenever there is severe loss of gastric juice, as by vomiting or gastric suction 
The paradoxical combination that results is a plasma of abnormally high pH 
and bicarbonate content, accompanied by a urine of low pH and practically no 
bicarbonate content 

The lost gastric juice contains both hydrochloric acid and chlorides of Na 
and K, chiefly Na ^ Loss of the sodium chloride and its equivalent of water 
causes dehydration Loss of the hydrochloric acid causes part of the remain- 
ing plasma sodium chloride to be replaced by sodium bicarbonate, causing 
alkalosis to complicate the chloride loss and dehydration In this condition, 
there is such a great depletion of body sodium salts that the kidneys cease to 
excrete sodium as either chloride or bicarbonate, despite the excessive plasma 
concentration of the bicarbonate Urine lacking bicarbonate is acid ^ The 
condition encountered, therefore, is one in which an internal alkalosis, caused 
by loss of hydrochloric acid, is accompanied by excretion of acid urine 

As first noted by Haden and Orr in 1923,® bicarbonate administration in 
this condition is contraindicated because it increases the internal alkalosis and 
hastens the onset of tetany If such a patient requires alkalinization of the 
urine, the preferable means is infusion of sodium chloride solution, this 
corrects the dehydration, sodium, and chloride deficit, decreases the internal 
alkalosis, and, at the same time, permits excretion of an alkaline urine, for 
alleviation of the body’s deficit of sodium salts allows their excretion to be 
resumed Of the excreted salts, part are in the form of bicarbonate, excreted 
from the excess present in the body, so that the urine pH rises Sodium 

* Presented at the Meeting of the American Surgical Association, Hot Springs, Vir- 
ginia, March 25-27, 1947 

This study was carried out under a grant from the Office of Research and Inven- 
tions, U S Navy 
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chloiide infusion thus simultaneously alkalinizes the uiine and restoies the 
normal electrolyte pattern to the plasma and exti acellulai fluids of the body 
The concurrence of alkalosis and acid urine was produced experimentally 
m dogs in 1924 by Gamble and Ross,^ who made a detailed study of the plasma 
and urine electrolyte changes and cleaily discussed their significance Hart- 
mann and Smyth in 1926® studied the condition as pioduced by vomiting in 
patients, noting the concuiience of bicaibonate excess and chloride deficit in 
the plasma accompanied by acid ui me , they atti ibuted the acidity of the urine 
to non-excretion of sodium bicarbonate, which, they believed, occurred when 
the total “concentration of crystalloids” in the plasma was diminished Several 
other authors, quoted by McCance and Widdowson"^ have noted the phenome- 
non, but it still appears not to have attained general recognition 01 under- 
standing 

The present woik supplements that of Gamble and Ross by providing 
additional studies of the experimentally induced condition, together with hour- 
by-hour observation of the blood and urine changes caused by sodium chloride 
and by sodium bicarbonate infusions Control experiments have been done in 
which sodium chloride and sodium bicaibonate solutions were infused into 
normal dogs 

EXPERIMENT AL 

Loss of gastric juice was produced in dogs by two methods By the total 
gastric pouch method of Dragstedt,® and by gastrostomy combined with liga- 
tion of the pylorus At the time of the original operation, an episiotomy was 
performed to permit easy catheterization during periods of urine collection 
Daily intravenous 5 per cent dextrose solutions were infused during the three 
to five days lequired for body chloride depletion When the plasma chloride 
concentration fell to below 70 milliequivalents pei liter (400 mg NaCl pei 
100 cc ) the dogs were considered to be sufficiently depleted of chloride for 
this study Moderate or severe alkalosis, as determined bj'- abnormally high 
plasma bicaibonate concentration, was invaiiably pioduced 

The dogs were then given intravenous infusions of either 09 per cent 
NaCl or I 3 per cent NaHCO^ at a constant rate of about 1000 cc per three 
hours These solutions are, in electrolyte concentration, isotonic with plasma 
and contain i 15 times the sodium concenti ation of noimal plasma However, 
the chloride content of the isotonic NaCl infusion is about i 4 times that of 
normal dog plasma, and the bicarbonate concentration of the NaHCO^ infusion 
IS about SIX times that of the noimal plasma In addition to these electrolytes, 
all infusions contained 5 per cent dextrose to stimulate the excietion of ade- 
quate urine volumes for chemical analyses 

Hepaimized jugular venous blood samjjles weie collected at 30-60 minute 
inteivals throughout each experiment, the samjjles for CO2 anatysis being 
taken under oil Consecutive 15-30 minute period urine samples weie collected 
from an inlying catheter, with complete emjjtying of the bladdei at the end of 
each period by air flushing except in experiments where urine was collected 
undei oil for CO2 analyses Nembutal sedation was used only when necessary 
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The following analytic methods were employed plasma COo content by the 
manometne method of Van Slyke and Neill, ^ plasma and urine chlorides by 
Van Slyke and Hillei’s modification of the titnmetnc silver lodate method of 
Sendroy/® urine pH by glass electrode, plasma and urine sodium and potas- 
sium by the flame photometer constiucted by the Perkin-Elmer Coiporation,^^ 
total plasma base by the electiodialytic method of Malm (unpublished) based 
on the procedure of Adaii and Keys,^“ plasma piotem by the copper sulfate 
specific gravity method of Phillips et al,^* ** hematocrits by centrifugation 

For presenting and plotting the results, values for chloride, bicarbonate, sodium, total 
base, potassium, and R- are expressed in milliequivalents per liter of the ions. Cl, HCO3, 
Na, etc , rather than in grams of their respective salts The use of milliequivalents 
facilitates comparison of the concentrations and changes m the different electrolytes 
Normal dog plasma contains about 150 to 1^8 mEq/L of total base, the distribution being 
about 140 mEq/L of Na, 5 of Ca, 5 of K, and 3 of Mg These cations are balanced by 105 to 
IIS mEq/L of Cl, 20-25 of HCOi, about 16 of protein, and the remainder by a residual 
sum, indicated by the symbol R, comprising SO4, HPO4, and unidentified anions The 
sum of Cl-f-HCOs usually appioximates the Na, except m starvation or dehydration 
when the R factor may be large The only marked difference noted between the plasma 
electrolytes of man and the dog is that the chloiide m the dog averages about 10 mEq/L 
higher than m man The “isotonic” 09 per cent NaCl solution used for injections con- 
tains 154 mEq/L of Na and Cl, and the “isotonic” i 3 per cent NaHCOs contains 154 
mEq/L of Na and of HCO3 

The experiments presented below aie selected as examples from 20 
experiments that yielded similar results 

RESULTS 

With only two exceptions in 20 experiments (experiments 3 and 4 in this 
paper) all the hypochloremic dogs (46-65 mEq/L plasma chloride concentia- 
tion) showed the paradox of aciduria (urine pH 5-6) m the presence of 
moderate to severe alkalosis (plasma CO2 35-51 mM/L ) Infusion of solu- 
tions of either sodium chloride or sodium bicarbonate into such dogs increased 
the urine pH Sodium chloride infusion raised the urine pH in some cases 
as high as 7 8 Sodium bicarbonate infusions raised it as high as 8 4 Little 
or no rise of urine pH occurred when a hypochloremic dog was given mtia- 
venous 5 per cent dextrose solution, and sodium chloride infusion into normal 
dogs caused a fall in urine pH 

Experiment 1 The Effect of Infusing 0 9 Per Cent NaCl + 5 Per Cent Dextrose 
Intravenously Into H3T3ochloremic Dog (Fig la, ib, ic, id. Table I) 

This experiment was conducted four days after gastrostomy and pyloric ligation of 
a 43-pound dog Plasma analyses (see Table I) immediately prior to the saline infusion 
showed the dog to be in a state of extreme hypochloremia (plasma Cl 456 mEq/L), 
alkalosis (plasma HCO3 49 9 niEq/L),='' total base deficiency (plasma total base 1373 
niEq/L) and sodium deficiency (plasma sodium 125 5 mEq/L) Unfortunately an 

* HCO3 concentrations in this paper arc calculated from plasma CO2 measurements 

by assuming a plasma pH of 7 5 
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adequate pre-infusion urine sample was not obtained, for the dog had a tetanic con- 
vulsion and emptied her bladder just before the infusion was begun The preliminary 
urine was undoubtedly acid, for the urine pH was 5 3 an hour after the infusion was 
started and the urine of almost all other hypochloremic dogs was acid 

During a 12-hour period, 4670 cc of 09 per cent NaCl in five per cent dextrose 
solution was infused intravenously at a constant rate of 90-100 drops per minute Small 
doses of intravenous nembutal controlled restlessness without putting the dog to sleep 
Urine was collected in 30-minute periods under oil Hourly jugular blood samples were 
also collected under oil The infusion was continued 12 hours 

During the 12-hr infusion 2853 cc of urine were excreted (see Figure id), while 
1817 cc , 38 9 per cent, of the infused water was retained Of the 42 Gm of NaCl infused, 
II Gm were excreted and 31 Gm, or 74 per cent, were retained 5 6 Gm of NaHCOa 
(665 millimoles) were excreted during the experiment, this is equivalent to about 28 
times the total grams of NaHCOg in the plasma of a normal dog of this animal’s weight, 
and more than even this alkalotic animal had in her plasma at the beginning of the infusion 
Obviously a good deal of the excreted sodium bicarbonate came from the interstitial 
fluids 

Figures la and ib and table I show in detail the manner in which the intravenous 
sodium chloride infusion corrected both the hypochloremia and the alkalosis caused by 
gastric fluid loss There is a striking return of the plasma acid-base balance to normal 
Plasma Cl concentration rose from 456 mEq/L to the normal 1100 mEq/L Plasma 
bicarbonate fell from 49 9 mM/L to 27 7 mM/L Plasma total base rose from 137 3 
mEq/L to 1540 mEq/L and plasma sodium from 125 5 to 1500 mEq/L Undeterminable 
anions,’*' Gambel’s R factor** fell from 18 5 mEq/L to 3 i mEq/L During the last three 
hours of the infusion the hematocrit and the concentrations of protein, chloride, and 
bicarbonate m the plasma remained nearly constant at normal levels, indicating that the 
body’s water and chloride deficits, and its bicarbonate excess, had been corrected 

The decrease in plasma bicarbonate concentration was partly due to the bicarbonate 
excretion discussed above, but in part it was attributable to dilution of the plasma and 
interstitial fluids with the infused 154 milhmolar NaCl solution, which contained no 
bicarbonate and three times the plasma’s Cl concentration Dilution of the body’s extra- 
cellular fluids with this chloride solution would obviously raise the Cl and lower the HCOs 
concentration This dilution effect is shown by the rise of Cl and fall of HCO3 m the 
plasma during the first three, hours of the infusion, when practically no chloride or 
bicarbonate was being excreted 

Figures ic and id and Table I show strikingly the way in which correcting the 
internal sodium chloride deficit released the excess bicarbonate for excretion, and in so 
doing raised the urine pH When, after the third hour of infusion (loio cc, 9 Gm 
NaCl), excretion of sodium salts began to be accelerated, the first salt to be excreted 
was not chloride, but bicarbonate (Fig ic) From the third to the seventh hour the 
urine contained more bicarbonate than chloride Then, plasma chloride having been 
doubled and plasma bicarbonate lowered by a third (Fig la), urinary chloride concen- 
tiation began to surpass bicarbonate 

The effect of the rise in urine bicarbonate in raising urine pH is shown by the 
parallelism of the pH and HCO3 concentration curves m Figure ic Rise of urine bicar- 
bonate concentration from o 7 to its maximum of 44 i millimoles per liter raised the pH 
from 5 3 to its maximum of 7 8 Thereafter, bicarbonate excretion continued in some- 
what lower, but still rather high concentration, and urine pH continued at 7 42-7 68 

* R factor, the undeterminable anions, is determined by subtracting the sum of base 
combined with Cl, HCO3, and proteins from the total base In these experiments the 
base combined with proteins is calculated B protein = 0 234 X Gm per cent protein 
assuming a normal A/G ratio of i 8 (14) Total base determinations, by the electro- 

dialysis method employed, do not include Mg++ 
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Chloride excretion was insignificant until the plasma chloride concentration reached 
8o mEq/L As the plasma chloride concentration rose above 8o mEq/L the rate of 
chloride excretion rose with it, the threshold le\el of plasma chloride was therefore 
about 8o mEq/L in this experiment 


HYPOCHLOREMIC DOG - NaCl INFUSION 



3^56 7 3 0 

HOURS AFTER START OF INFUSION 


Fig I a —Showing the effect of o 9 per cent NaCl + S per cent dextrose 
infusion on the plasma electrolyte pattern of a hypochloremic alkalotic dog 
Note that, despite the fall in plasma bicarbonate concentration the urine pH 
rises as the body NaCl deficit is corrected 


At the start of this experiment the plasma potassium concentration was 3 9 mEq/L 
(normal 4 5-5 0 mEq/L) This potassium deficit is consistent with the observations of 
Gambel and Mclver^ that cat and dog gastric juice contains up to 50 mg per cent of 
potassium and with the observation of Elkinton and Winkler^s that dehydration m itself 
is likely to dimmish the potassium supply of the body 

Within an hour after the start of the sodium chloride and dextrose infusion the 
plasma potassium fell to 20 mEq/L and thereafter it remained below 27 mEq/L 
Similar washing out of plasma potassium by infused sodium chloride solution has been 
reported in experiments by Flockio, and recently Hollerir and Martin and Wertmania 
have clinically observed reduction of plasma potassium to paralytic levels in diabetic 
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patients treated with large infusions of intravenous dextrose and sodium chloride It is 
possible that some of the potassium is deposited into the liver and muscle with glycogen 
formed from the infused dextrose, as postulated by Fenn 

That paralysis did not develop may be due to the simultaneous loss of calcium 
Though direct calcium determinations were not made in this experiment, the difference 
between total base and the Na -f- K m the plasma during the infusion fell so low that it 
appears that calcium must have fallen much below the normal 5 mEq/L Since neither 
tetany nor paralysis occurred, the possibility suggests itself that simultaneous calcium 
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0 3 6 9 12 

'HOURS AFTER START OF INFUSION 


Fig iB — Showing the effect of 09 per cent NaCl +5 per cent dextrose 
infusion on the plasma electrolyte pattern of a hypochloremic alkalotic dog 
Note that, despite the fall in plasma bicarbonate concentration, the urine pH 
rises as the body NaCl deficit is corrected Also note the decrease in concen- 
trations of cations other than sodium 


and potassium deficiency neutralized each other with regard to effect on muscle tone 
From this experiment, and from the clinical observations of others, it would seem 
ad\isable that a balanced electrolyte solution containing not only Na, but also Ca, K and 
Mg should be used when large electrolyte infusions are given 

This 43-pound dog excreted S 6 Gm of NaHCOs during the 12 hr NaCl solution 
infusion This bicarbonate excretion is equivalent to about 20 Gm for a 70-kg man 
Since the body contained at least this much excess bicarbonate, it is apparent that bicar- 
bonate administration was not indicated, despite the acid urine 

552 



Volume 126 
Number 4 


ACIDURIA WITH ALKALOSIS 


Experiment 2 The Effect o£ Infusing 0 9 Per Cent NaCl + 5 Per Cent Dex- 
trose Intravenously Into Hypochloremic Dog (Fig 2, Table II) 

This experiment practically duplicates the first three hours of Experiment i, except 
that the initial plasma chloride deficit and bicarbonate excess were not quite so great (Cl 
56 6 mEq/L, HCO3 37 mM/L, compared with Cl 45 6 and HCO3 49 9 m Experiment i , 
sum of chloride plus bicarbonate nearly the same in both) The infusion, as that of the 


HYPOCHLOREMIC DOG — NaCl INFUSION 



Fig iC — S howing the effect of 09 per cent NaCl + 5 per cent dextrose 
infusion on the urine NaQ and NaHCOs concentrations of a hypochloremic 
alkalotic dog Note that NaCl infusion frees a large amount of NaHCOs 
for excretion, and that urine pH parallels urine NaHCOs concentration 

first three hours of dog one, was insufficient to start significant excretion of water, 
chloride, or bicarbonate, the urinary HCO3 concentration at the end of the three hours 
being sufficient only to raise the pH to 6 52 The initial dehydration of the dog is shown 
by the fact that during the three hours only eight per cent of the infused water was 
excreted The partial correction of the plasma electrolyte picture (fall in HCO3, 
rise in Cl and Na) is attributable, as in the first three hours of Experiment i, to dilution 
of plasma and interstitial fluids with the infused 154 millimolar NaCl solution 

553 


mPOCHLOREMIC DOG 


VAN SLYKE AND EVANS 


Annals of 
October 


rt a 
B 


CN ^ O 'O 



o 


u 




a O o o 
be 

B 


'O 

lO 


be 

B 

'£> 

lO 


U J 
+ 


: w 


o 


fS O O Ov o 

»© NO r-» o o »© 

Ok ov o o o o 



be 

H 

'* 1 * fs I 00 

*1 ^ 00 o 


B 




o 

u 

? 

u 

Q 

lO 

4 - 

o 

C4 



kO 00 -f o 

\0 <-< C 4 *0 Os ro kO 

to kO kO kO kO 



lO o kO O 

Ok t/i «I^ ^ fS| ty) « 
fO fO fO <0 fO fO 


B 

3 

'5 

o 



o o o 



es fo 00 »o 
o o o o 

O o o o 


^ CO 00 00 O 

O 5 

CJ "g <N OJ cs ro 



O 

c 

C 

P 


o 

H 

u 


g S 

^ S o © 


5 M 
tSS 


cd P 


•d c w 

g TJ c a 
^ c n p 
ca rt 5 g 

U 3 


P P 


CQ pa cQ P3 m P3 ca 


P < 


^ a u 

O c ^ 
> 


O o o o o o o 

\0 ko O k© Ck 
•-4 cs «1* »o eo 



1 ^ 


«« c 
o o 


4 J C 
W 1-4 


o 


»o o o o o o 

ro kO Ok Ck| t#) 00 


o 

a o - « „ 
G b p D 

(d 


554 


Surgery 

1947 



\o!umc 12G 
Number 4 


ACIDURIA WITH ALKALOSIS 


Expenment 2 senes for comparison with Experiment 3 in which isotonic NaHCOs 
instead of NaCl was infused In both experiments the initial dehjdration, plasma Cl 
deficit and HCO3 excess were nearh the same 

Experiment 3 The Effect of Infusing 1 3 Per Cent NaHCOs + 5 Per Cent 
Dextrose Intravenously Into Hypochloremic Dog (Fig 3, Table III) 

In this experiment a salt depleted dehjdrated dog was infused with an isotonic solu- 
tion of sodium bicarbonate instead of sodium chloride 900 cc of i 3 cent sooium 
bicarbonate in fi\e per cent dex'trose solution were gnen during a three-hour period 


HYPOCHLOREMIC DOG — NaCL INFUSION 



Fig iD — S howing the total grams of NaCl and NaHCOs excreted b} 
a hypochloremic alkalotic dog recening intraienous 09 per cent NaCl 
5^ per cent dextrose Note that NaCl infusion frees a large quantity of 
NaHCOs for excretion 


Water excretion was more accelerated than in the pre\ious experiments, the total 
unne excretion being 73 per cent of the infused solution, compared with eight per cent 
in Experiment 2 The diuresis was accompanied by a rapid increase in sodium salt 
excretion The sodium excretion here was almost chloride free The high bicarbonate 
content of the urine raised the pH abo\e eight during most of the experimental penod 
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In this experiment, with sodium bicarbonate infusion, the infused sodium salt and 
water were less completely retained than in the preceding experiments where sodium 
chloride solution was infused Of the sodium chloride infused during the previous 
experiments, only o o to or per cent was excreted whereas of the sodium bicarbonate 
infused in this experiment, 38 per cent was excreted before the experiment finished 
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I I I I ■ — 

30 «0 90 120 ISO IS** 

minutes after start of infusion 


Fig 2 — Showing the early effects of 09 per cent NaCl -f-S per cent dex- 
trose infusion into a hypochloremic alkalotic dog Note the almost complete 
retention of the infused saline causing plasma electrolyte changes by simple 
dilution and no changes in the urine 


It appears that the refusal of the kidneys to retain the infused bicarbonate may be 
attributable to the fact that the plasma bicarbonate concentration had already been raised 
by gastric hydrochloric acid loss to twice the normal level, and retention of bicarbonate 
would have increased the excess of that salt already present in the alkalotic organism 
The hypochloremic alkalotic plasma electrolyte pattern became even more marked 
during the bicarbonate infusion, chloride concentration fell, CO2 rose, total base and R 
factor changed little Thus the electrolyte imbalance was aggravated This increasing 
alkalosis was accompanied by repeated convulsions necessitating intravenous nembutal 
The results indicate the undesirability of infusions of sodium bicarbonate in the 
state of hypochloremic alkalosis, even when accompanied by an initially acid urine 
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Experiment 4 The Effect of Infusing 5 Per Cent Dextrose In Water Into 

Hypochloremic Dog (Fig 4 , Table IV) 

This experiment serves as control for those in which NaCl plus dextrose or NaHCOs 
plus dextrose was infused The dog received 9^0 cc of solution in three hours and 
excreted 322 cc of urine, or 35 per cent of the infused volume The effects on plasma 
Cl, HCO3 and Na concentrations are those of simple dilution by the retained water 
(hematocrit fell from 45 7 to 39 0 per cent) Excretion of Cl and Na were negligible 
The urinary pH was raised only 04 

This control experiment shows that the rise in urine pH in Experiments i, 2, and 
3 was not the result of the glucose diuresis 


HYPOCHLOREMIC DOG — 137 N 0 HCO 3 INFUSION 



Fig 3 — Showing the effects of i 3 per cent (isotonic) NaHCOs f- 5 
cent dextrose infusion into a hypochloremic alkalotic dog (compare with 
Fig 2) Note the undesirable aggravation of the plasma anion imbalance 
and the failure to retain the infused solution 

This experiment shows (i) that dextrose solution infused without salt into a 
dehydrated animal is not well retained (35 per cent of infused fluid was excreted during 
the three-hour infusion compared with eight per cent when 0 9 per cent NaCl was 
infused), (2) that such infusion does not correct the plasma chloride deficit nor, to a 
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HYPOCHLOREMIC DOG - DEXTROSE INFUSION 
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significant extent, the bicarbonate excess, and (3) that it does not accelerate bicarbonate 
excretion sufficiently to cause a marked rise in urinary pH 

Experiment 5 The Effect of Infusing 0 9 Per Cent NaCl + 5 Per Cent Dex- 
trose Into Normal Dog (Fig 5, Table V) (Control Experiment) 

In this experiment 9S0 cc of a solution containing 0 9 per cent NaCl plus five per 
cent dextrose were infused intravenously during three hours, as in Experiments i and 2 
Figure 5 shows the effects of diluting the plasma with 0 9 per cent sodium chloride 



I 3 4 5 6 

HOURS AFTER START OF INFUSION 

Fig 6 — Conti ol experiment showing the effects of i 3 per cent (isotonic) 
NaHCO^ 5 per cent dextrose infusion into a normal dog 


solution (Cl concentration 154 niEq/L and CO2 concentration 0) , plasma chloride con- 
centration rose 15 mEq/L and CO2 fell from 229 to 175 mM/L 

Urine chloride concentration, after a peculiar fall m the first period, increased and 
leached 79 Gm/L, with a parallel increase in the rate of chloride excretion The bicar- 
bonate excretion rapidly fell to zero and remained there while the urine pH fell from 
65 to 46 In this and other similar experiments the kidney bicarbonate threshold was 
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at about 20 mEq/L Pitts, under somewhat different conditions, found the bicar- 
bonate threshold at about 25 mEq/L 

Comparison of this experiment with those of the hypochloremic dog reveals opposite 
effects on the urine pH In the initially normal dog the urine pH falls as the plasma bicar- 
bonate is decreased In the hypochloremic dog, urine pH rises as the increasing plasma 
sodium chloride content releases the excess plasma sodium bicarbonate for excretion 

Experiment 6 The Effect of Infusing 1 3 Per Cent NaHCOs + 5 Per Cent 

Dextrose Into Normal Dog (Fig 6, Table VI) 

This dog received 1000 cc of isotonic sodium bicarbonate solution during the first 
three hours (compare Experiments 2 to 5) and 770 cc more during the next three hours 
The dog, at the start, was apparently somewhat dehydrated, as indicated by the low initial 
uiinary volume and Cl and Na excretion (Fig 6) The first three hours the dog 
excreted 2 9 Gm of NaHCOs, or 22 per cent of the amount at that time infused At the 
end of the six-hour infusion, 10 7 Gm of NaHCOs had been excreted, or 46 per cent of 
the total 23 Gm infused 

The chief difference m results from those of NaHCOs infusion into the hypo- 
chloremic dog of Experiment 3, is that m the normal dog the NaHCOs infusion caused 
a significant increase in urinary chloride excretion, although less than in bicarbonate 
output The hypochloremic dog (Experiment 3) excreted practically no chloride Only 
the hypochloremic dog suffered convulsions during bicarbonate infusion 

DISCUSSION 

The results presented confirm Hartmann® and Gamble- m showing that 
loss of gastnc juice ptoduces a condition of dehydration, hypochloremia and 
alkalosis that is paiadoxical in that seveie alkalosis {high plasma bicarbonate) 
IS accompanied by excietion of acid mine The results also confirm Hartmann 
and Gamble to the effect that dehydi ation, deficit in plasma Cl and Na, and 
excess of plasma bicaibonate, can he coirected by infusion of isotonic NaCl 
solution, which also causes the mine to become alkaline The initial acidity of 
the urine does not indicate the desii ability of alkali theiapy, which would 
tnciease the internal alkalosis The results emphasize the importance of 
guiding the therapy in this condition by determination of plasma CO2 and 
chloride Estimations of hematocrits and plasma protein concentration as 
indicators of dehydration are also valuable, each may be 50 per cent above 
normal 

The paradoxical low pH of the urine m the face of internal alkalosis is 
attributable to the almost complete absence of bicarbonate from the urine 
The deficit of sodium salts in the body is so great that the kidneys stop excre- 
tions of both NaCl and NaHCOs As shown by Gamble® and Sendroy, 
Seehg and Van Slyke,^ the urine always contains free H_C03 m equal or 
greater concentration than the blood, so that if no NaHCOs is excreted, the 
pH will fall to that of a solution of such H2CO3 concentration, viz, about 
pH 5 

Infusion of NaCl, by correcting the body’s deficit of sodium salts, permits 
excretion of NaHCOs and rise of urine pH One encounters another apparent 
paradox in that infusion of neutral NaCl solution causes excretion of alkaline, 
bicarbonate-containing urine 

The results of Experiment i and 2, with infusion of NaCl into dogs 
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suifermg from dehydiation, chloride deficit and alkalosis from loss of gastric 
fluid also show that 

1 111 severe dehydiation from loss of gastric juice, NaCl infusion cor- 
rects the abnormalities of the plasma electiolyte pattern by three 
mechamsms (a) the lost sodium chlonde and water are replaced, (b) 
the excessive bicarbonate concentration in plasma and interstitial fluids 
IS decreased by dilution witli the infused chlonde solution and (c) 
plasma bicarbonate is fuither loweied by excretion of bicarbonate in 
the urine m large amounts 

2 To complete the coriectioii of the plasma pattern, large amounts of NaCl 
solution must be infused To restore plasma Cl and HCO3 to approxi- 
mately normal concentration, the 20-kg dog in Experiment i required 
3 liters of 09 per cent NaCl solution, 01 150 cc per kg, which was 
infused during the first eight hours 

3 Reappearance of chlonde m the urine could not be used as indication that 
enough saline had been infused to correct the plasma electrolyte pattern 
In Experiment i, after infusion of 100 cc of 09 per cent NaCl per kg , 
chloride concentration in the mine reached 20 mEq/L (071 Gm per 
liter) Avhen plasma chlonde w'as still only 90 niEq/L (compared with 
normal dog’s 1 10-120) and plasma bicarbonate w^as 36 mM/L (normal 
20-25) It w'as only tow^ards the end of the infusion, wdien chloride 
concentration in the urine reached about 100 mEq/L (6 Gm NaCl per 
liter), that plasma values approached normal (Cl 105 mEq/L, HCO3 
29 mM/L), and they were still not quite back to normal When normal 
plasmn electiolyte pattern zvas appi oached, the unne Na concentiatton 
lose to a level equal to that of the infused fluid (154 mEq/L), and the 
sum of iinnaiy Cl-{-HCOz concentiation also appioximated 154 
mEq/L 

4 During the large NaCl infusion of Experiment i, the concentration of 
cations other than sodium and magnesium (total base concentration — 
sodium concentration fell from 122 mEq/L to 40 mEq/L ) Plasma 
potassium determinations showed a fall from 3 9 to 2 2 mEq/L These 
results suggest when large volumes are infused, that it is advisable to 
use a balanced infusion solution of NaCl KCl-}- CaCL2 -f- MgCl2 
instead of simple NaCl solution 

An unexpected point of interest is the apparent difference in the plasma 
thresholds for excretion of chloride and sodium in dogs that are passing from 
normal hydration to dehydration, compared wnth dogs that are passing in the 
opposite direction, from the dehydration (caused by loss of gastric juice) to 
normal hydration by saline therapy In the normal dogs, we have seen a 24- 
hour fastnig period cause almost complete suppression of Na and Cl excretion, 
although the plasma Cl was still at the normal level of 110-115 mEq/L, and 
Cl -j- HCO3 at 140 When hypochloremic dehydrated dogs were infused 
wnth NaCl, however, chloride excretion started by the time the plasma chloride 
had reached 80 mEq/L, and plasma Cl -f HCO3 was not over 120 mEq/L 
(Experiment i) The kidneys in the salt depleted dogs had apparently 
lowered their chloride threshold and, when the chloride depletion was m 
process of correction by saline infusion, the kidneys began to excrete salt much 
before the normal plasma level was regained A diagnostic corollary appears 
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to be, that when a condition of salt depletion is being established, drop of 
chloride excretion to a low rate is a moie sensitive indicator of the condition 
than IS the plasma chloride concentration But when the condition of depletion 
of the type caused by loss of gastric juice is in process of coriection by NaCl 
administration, restoration of normal plasma chloride concentration shows 
more accurately than i esumption of chloi ide exci etion when enough saline has 
been given to coriect the condition 


SUMMARY 

The condition of dehydration, hypochloi emia and alkalosis, obseived aftei 
severe loss of gastiic juice by vomiting oi gastiic suction, has been reproduced 
in dogs b} the total gastric pouch method of Dragstedt and by gastrostomy 
uith pyloiic ligation 

Despite the alkalosis (excess plasma bicaibonate) the mine vas acid (pH 
5 to 64) The acidity of the urine is attiibuted to the fact that the body 
deficiency of sodium salts is so great that exci etion of both NaCl and NaHCO 
IS almost completely stopped, in the apparent effort to preserve what is left of 
the body’s store of sodium salts In the absence of bicarbonate in the mine, 
the pH falls towards that of a solution of fiee H2CO3 

Sodium chloride infusions coriected the alkalosis and dehydration, replaced 
the lost plasma sodium and chloride, and permitted excretion of the excess 
NaHCOg, which raised the urine pH to 7 5-8 o 

During saline infusion i esumption of chloiide exci etion was not a safe sign 
of adequate replacement , replacement was adequate only when plasma chloride 
concentration was restored to a noimal level 

Massive infusion of a solution of NaCl plus glucose was observed to de- 
ciease the plasma potassium to less than half the normal concentration, and, by 
indirect estimation, also the calcium These effects indicate the desirability of 
using a balanced electrolyte solution of Na, K, Ca, and Mg when large in- 
fusions are given 

Sodium bicarbonate infusion did not coirect the plasma electiolyte pat- 
tern, raised urinary pH above the physiologic range (pH 8), and caused 
tetanic convulsions 

The results indicate the possible dangers of using sodium bicarbonate to 
alkalimze the urine of patients suffeiing gastric fluid loss, the advisability of 
using NaCl infusions, and the desirability of guiding the therapy by plasma 
analyses including at least chloride and CO2 determinations 

We wish to express our appreciation to Dr Ole Malm and to Dr Howard Eder for 
determining the plasma total base, sodium, and potassium concentration m experiments i 
and 3, and to Dr D D Van Sb^ke for his great help in anafi'zing and discussing the data 
presented 
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ESSENTIAL THERAPEUTIC ADJUVANTS IN THE 
SURGICAL: ARREST OF WOLFF-ISRAEL ACTINOMYCOSIS*! 

Mims Gage, M D , Champ Lyons, M D , and Paul T DeCamp, M D 

New Oreeaxsj La 

FROM THE DEPARTMENT OF SURGERY TOLANE UNIVERSITY SCHOOL OF TIEDICINE 
AND THE DIVISION OF GENERAL SURGERA OCHSNER CLINIC NEW ORLEANS LOUISIANA 

The clinical management of extensive actinomycotic infections has 
been considerably advanced by potent antibacterial therapy and an improved 
understanding of the metabolic i equirements of the depleted patient ^ Therapy 
Mith sulfonamides or penicillin has largely replaced treatment \vith X-ray and 
such drugs as iodides or thymol Attention has been directed to a high dietary 
intake of protein and calories Even so, it has become increasing^ apparent 
that no form of therapy can substitute for the surgical drainage of pus or 
excision of tissue devitalized by infection As attempts at surgical eradication 
of the disease have become more ladical, we have been impressed with the 
poor tolerance for blood loss and surgical trauma encountered m these 
chronically ill patients Further, wound healing has been delayed or faulty, 
convalescence has been prolonged and some patients have shown incomplete 
arrest of the disease 

The depletion of reservoirs of body protein seen so frequently m patients 
wuth chronic infection is especially common m the patient with advanced 
Wolff-Israel actinomycosis Profound anemia and significant weight loss are 
clinical features of the disease with visceral involvement Several such patients 
presented themselves for treatment during a period when we were engaged m 
a study of the hemoglobin deficiency m chronic shock and the problems of 
reduced blood volume m the chronically ill patient Observations of the quan- 
tity of blood necessary to overcome the anemia m patients with actinomycosis 
revealed an unexpectedly great deficit m the total circulating mass of red blood 
cells The improved tolerance for surgical blood loss and the acceleration of 
wmund healing noted after blood volume restoration were especially striking 
Weight gam and convalescence w'ere rapid m those patients with an adequate 
dietary intake 


CLINICAL OBSERVATIONS 

Five bacteriologically proven cases of Wolff-Israel actinomycosis provide 
the source material for this discussion All presented extensive involvement 
persistent over a considerable period of time The essential clinical data are 
summarized m Table I Although seriously ill, no patient required emergency 
measures at the time of admission There was ample opportunity for thorough 
study and evaluation of the patient anticipatory to election of a surgical pro- 
gram of treatment 

* Read before the American Surgical Association, March 26, 1947, Hot Springs, Va 

-This IS publication No 5 from researches accomplished under a grant from the 
Office of the Surgeon General, United States Armj 
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Secondary anemia and deficiency of body weight were characteristic fea- 
tures of this chronic disease The deficit in hemoglobin was frequently more 
apparent on clinical examination than from laboratory estimations of the 
hemoglobin concentration or hematocrit percentage The quantity of blood 
necessary to restore the hematocrit to the range of normal was also m excess 
of that predictable on the basis of the initial hemotocrit value The deficiency 
in body weight was made especially prominent by the increase recorded during 
convalescence (See Table II) 


Tablc 1 


SUMMAR\ OF PERTINENT CLINICAL DATA IN FIVE CASES OF PROVEN WOLFF-ISRAEL ACTINOMYCOSIS ALL 
RECEIVED BLOOD TRANSFUSIONS CHEMOTHERAPY \MTH PENICILLIN AND HIGH PROTEIN-HIGH CALORIC DIET 


Patient 

Race 

Sev 

Age 

Site 

Duration 

Surgery 

Result 

1 GH 

W 

F 

20 

Cervico-fascial 

lYi yrs 

0 

Arrested 

2 GT 

W 

F 

45 

Pleuro pulmonary-mammari’ 

yrs 

+ 

Arrested 

3 MM 

W 

M 

34 

Pleuro-pulmonary-cutaneoiis 

6 mos 

+ 

Arrested 

4 EW 

C 

M 

43 

Abdomino-cutaneoiis 

10 mos 

0 

Recurred 
13 mos 

5 OP 

W 

M 

73 

Mandibulo-faaal 

8 mos 

+ 

Arrested 


Table II 

COMPOSITE TABLE OF INITIAL AND FINAL HEMATOCRIT VALUES IN RELATION TO TOTAL QUANTITY OF BLOOD 
GIVEN YS TRANSFUSIONS ALL PATIENTS ABLE TO EAT SHOWED SIGNIFICANT GAIN IN BODY WEIGHT 


Patient 

Initial 

Hematocrit 

Blood Given 

Final 

Hematocrit 

Weight Gam 

1 GH 

34 

3500 cc 

44 

24 kilos 

2 GT 

34 

7000 cc 

38 

7 kilos 

3 MM 

36 

2000 cc 

50 

9 kilos 

4 EW 

28 

3500 cc 

40 

18 kilos 

5 OP 

26 

3500 cc 

46 

—9 kilos* 


* Patient O P was temporarily unable to eat following resection of one ramus of the 
mandible 


The true deficiency of circulating red blood cells was more accurately 
revealed by blood volume determinations than by any other available method 
These measurements were performed by the plasma-dye-hematocrit method 
and standard values were calculated on the basis of the patient’s usual weight 
m health The results confirmed the existence of “chronic shock,” the reduced 
blood volume associated with weight loss (Lyons ei al) ^ The characteristic 
findings in our cases are illustrated in the record of patient No 2 (G T) as 
presented in Table III It is significant that the transfusion of 7,000 cc of 
whole blood during the period of hospitalization failed to provide total cor- 
rection of the estimated deficiency at any time 

In the clinical management of these patients we have been especially inter- 
ested in four features of the response to therapy correction of anemia, toler- 
ance for surgical blood loss, wound healing and gain in body weight With the 
one exception noted below, all patients were able to accept and retain a high 
caloric, high protein diet 
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Pahent iVo ^ (G H , O C No 19053) had been continuously ill for two 
and one-half years Recurrent and persistent sinuses in the postero-lateral 
portions of the neck were communicant with an abscess of the prevertebral 


TvBLt, III 
Patient No 2 G T 

SUMMARY or BLOOD VOLUME CHANGES DURING PERIOD OF SURGICAL MANAGEMENT AND 
CONVALESCENCE A TOTAL OF 7000 CC OF BLOOD WAS GIVEN FROM MAY 2-JUNE 22 
WITHOUT EVIDENCE OF OVERLOADING THE VASCULAR RESERVOIR 


Date 

Remarks 

Total 

Cell Mass 

Blood 

Volume 

Body 

Weight 

May 2 

On admission 

1500 cc 

4100 cc 

71 7 kilos 

May 7 

After 2000 cc blood and thoracotomy 

2400 cc 

4900 cc 

70 8 kilos 

May 20 

After acute sulfadiazine anemia and 
2500 cc blood 

2100 cc 

4600 cc 

69 4 kilos 

June 22 

After two more operations and 

2500 cc blood Healed 

2200 cc 

SSOO cc 

70 3 kilos 

Juh 20 

One month after discharge 

2000 cc 

5100 cc 

72 6 kilos 

Nov S 

Working 

1900 cc 

5000 cc 

78 5 kilos 

Standard for usual weight of 72 7 kilos 

2900 cc 

6100 cc 



Acl:tnomqcosi.s of Prevertebral tascia.! Plane 
uuLth CervLcal Sinuses 


t4ema.tocrit 5o 
percent 





40 - 


30 - 

Ccs ot 

3000 - 

ujhoLe 

• 

blood 

aooo ■ 


LOGO - 


o L 

Percent 

50 r 



pa.irv in 
bodg , 
ujeu^nr 


ihnicillin 


40 
30 - 
E.O 
lO I 
O 


1 


IVepna-nt 

.SulFonamide toxemia 


Healed. 


Lb recurrence 


1 


I 


Su.l-f<=Lcli<^yne 


13 5 

Weeks in 'hospita.l 


5 5 7 9 a 

A^ot1tKs ^ollouj-u-p 


15 


Fig 1 


fascial plane Destruction of the anterior sin faces of the vertebral bodies was 
noted on X-ray Repeated periods of hospitalization for penicillin therapy 
had failed to arrest the disease and prolonged sulfonamide therapy had been 
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similarly mefiectiial This same piogiam of theiapy was remstituted after 
tiansfusion of 3,500 cc of \ihole blood and lestoiation of the total ciiculating 
cell mass to standard value Wound healing and gain m body weight weie 
noted promptly as shown in Figure i It has seemed leaaonableTo conclude 
that the theiapeutic correction of blood piotem deficits by transfusion of whole 
blood Mas a measure of ciitical importance in this patient 

Patient No 2 (G T , O C No 46009) developed pulmonaiy actinomy- 
cosis one and one-half years pi lor to study Chest m all and mammai y exten- 
sion M'ere later features of the disease At the time of admission to the hospital 


Acliinomucosis Brea.s{: , ChesI: Wall and 

PLearai 


HemabDcrit^'^ 

percent 

30 I 


Ccsot 

Luhole 

blood aooo 
1000 
o 



2 Dr 


Percent 
ga.in. in 

,of 

Penicillin 





^ / 

Thdracofcomq 

Hemolytic Anemia. a.ndL 

^ SulFaLd.1a.31ne Tbiccmici. 

Mammecbomq and 
^ Resection oF Rubs 

xFiyrOidectomij < 3 .nd 
^ 5k1nOrafttoChe5tWd.ll 



|dealed 


No Recurrence 
'V 


Ea Su.lF<3.di<ASiriZ 


13 5 7 

Vsfeeks in Nospital 


i 3 5 

Months Follouj up 


Fig 2 


there were multiple sinuses and a major empyema Extensive surgical pro- 
cedures were necessary m stages to provide (i) drainage of pus, (2) excision 
of tissue devitalized by infection, and (3) skin coverage of chest M^all defects 
The blood loss incident to these operations was considerable As has been 
noted in Table III, complete replacement of the total circulating red blood 
cell mass was never achieved The tolerance for surgical blood loss and the 
rapidity of Mmund healing were clinically satisfactory (See Chart II) How- 
eier, weight gam was a delayed feature noted m later convalescence 
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Plearo-Pu-tmonarq - Cu-taneous Acbinorngcosis 



Mo recurrence 

I 


Percent rop 
gAin. in. 
bodij ujeipht o'- 


penicdlin 

3 5 

Weeks in hospi.t<3i 


5u/^atia3me 

■ 

1 


13 5 7 

i^onths follouj u.p 


Fig 3 


Ab ciomLn.a .1 Acbinomucosis 


Hematocrit 4-0 
percent 



SOI 

Ccs of 
ujhole 
blood 

aooc- 

1000 • 


0 . 

Percent 

EOr 

gam m L 

bodq uje^t qL 



PemciUin 


Recurrent 
a.bclomiru3.1 mass 


Hema.turia 

Wz////'ZZZ^Z^^y^y^^A^yyyyyyi Qu.l/U.c!lSL 51 nS 


155 13579 

UJeeks m hospital AAonths Follouj-u.p 

Fig 4 


U 15 
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Patient No 3 {M M, O C No 44978) was refeired for diagnosis and 
tieatment of bilateial pleuial and peiicardial effusions of six months’ dura- 
tion Shortly after admission an inflammatory mass appeared m the anterior 
axillary line m the eighth interspace Incision of this tumefaction established 
tlie presence of Wolff-Israel organisms Shortly thereafter, a similar swelling 
appeared on the opposite chest wall Effective therapy consisted of pleural 
aspirations, transfusion correction of the anemia, penicillin therapy and high 
protein diet (See Figure 3) 

Patient No 4 (E W , C H No T-45-172215) was admitted in May, 
1945, for treatment of an abdominal mass and fistula m the right lower 
quadrant following drainage of an abscess Rectal fistulas were also present 
For a period of seven months he received sulfonamide or penicillin therapy 
nearly continuously with only moderate improvement In November, I 945 > 
was readmitted with recurrent pain and fever The only new therapeutic 
procedure introduced at this time was the correction of anemia by transfusion 
of 3,000 cc of blood Within one month, the patient was healed and free of 
symptoms for the first time (See Fig 4) The recurrence noted after 13 
months’ arrest of the disease suggests to us that surgical excision of the lesion 
should have been done during the period of maximum recovery 

Patient No 5(0 P , O C. No 42873) was admitted with classical 
actinomycosis of the face with involvement of the mandible Correction of 
anemia by transfusion restoration of the blood volume enabled this frail and 
elderly (aged 73 years) man to undergo the necessarily extensive excision of 
diseased tissue with resection of the mandible Postoperatively an adequate 
oral intake was temporarily impossible and weight loss was noted Wound 
healing, however, was uneventful 

The general efficacy of the program of management adopted is apparent 
from Table IV In all of these seriously ill patients, wound healing and sig- 
nificant arrest of the disease were accomplished within four to seven weeks of 
hospitalization 

It is apparent in Figures 1-5 that penicillin has been adopted as the anti- 
bacterial agent of choice during the period of hospital management In ade- 
quate dosage of 25,000-50,000 units every two to three hours, it has proven 
fully effective against the actinomycetes and relatively free of toxic reactions 
Sulfonamides have been reserved for prolonged therapy in patients with 
surgically inaccessible disease after convalescence has become established 
Rejection of sulfonamides as the chemotherapeutic agent of choice for initial 
therapy has been necessitated by many considerations The incidence of toxic 
or urinary tract complications attributable to sulfonamides has made them 
undesirable during a period of complicated surgical management Further, 
these drugs are contraindicated in depleted persons because of the known 
depressant effect upon hematopoesis, the intestinal synthesis of essential meta- 
bolites, and the appetite m general Even when used during established con- 
valescence, the sulfonamides are frequently impractical (See Table V) 
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DISCUSSION 

At the piesent time, the management of serious actinomycotic infections 
has emphasized (i) antibacterial therapy, (2) high dietary intake of protein 
with adequate caloiies, and (3) drainage of pus and surgical excision of tissue 
devitalized by infection As an essential feature of this program, we wish to 
add transfusion of whole blood m quantities sufficient to restore the total 
circulating red blood cell mass to or slightly below the standard for the 
patient’s standard or usual weight 111 health 

Table IV 


TABLE SHOWING PERIOD OE HOSPITALIZATION NECESSARY TOR CLINICAL ARREST OE THE 



DISEASE AND WOUND 

HEALING 



Pre Operatne 

Number of 


Patient 

Hospital Stay 

Operations 

Total Hospital Stay 

1 GH 


0 

42 days 

2 GT 

5 dajs 

3 

46 days 

3 M M 


1 

27 days 

4 EW 


0 

49 days 

S OP 

8 dajs 

1 

31 days 


AAandibulo >^Tacia.l AcbiriomiqcosLs 


Hematocrit 


45 


percent 

55 



Ccs of 
ujKole 

3000 

i)Lood 

aooo 


1000 


0 

Percent 

i.n 

1 

bodyuiei^ht 



lartial Resectioi > of- jaiu 

—Vbund Hea-linp 
Y _Wou.nci Mealed 

t 


No Recuirrence 


Not ealinD 

s-1 


tSZ&SSSSul£idia.ynz 

f^nicithn 

1 3 

WSelcs in hospital 


1357 

Months lolloul up 


Fig s 


Most surgeons will concede considerable blood loss 111 the excision of the 
inflammatory mass typically associated with Wolff-Israel actinomycosis We 
have become especiall}'^ aware of this factor and believe that transfusions of 
whole blood before and during surgical operations provide the only available 
method of improving tolerance for surgical blood loss 

Anemia is a prominent feature of actinomycotic infections A fundamental 
defect in hemoglobin metabolism in patients with chronic infections has been 
eluciated by \¥introbe et al ® Whipple and his co-workers'* have emphasized 
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the prior demand of needed hemoglobin upon newly available dietary piotein 
These basic facts suggest that antibactei lal theiapy, tiansfusion of blood and 
drainage of pus constitute initial therapy m chronic infections 

Within Schoenheimer’s'' concept of “dynamic equihbimm/’ Whipple and 
associates'^ have elaboiated the thesis of a “metabolic pool” of “labile protein 
reserves ” The chief reserves of piotem aie in the tissue cells In simple mal- 
nutrition with anemia, the demand for blood proteins will further deplete the 
already diminished reserves of tissue protein unless the dietary intake of food 
protein be abundant ^ In chronic sepsis with nutritional depletion and anemia, 
this phase of protein metabolism is complicated by the inability to produce new 


Table V 


SUMMARY OF DRUG THERAPY AS ADMINISTERED DURING AND AFTER HOSPITALIZATION 
IN THRFE OF THE FIVE PATIENTS A TOXIC REACTION WAS NOTED IN CONSEQUENCB OF 
SULFONAMIDF THERAPA A MILD ANEMIA WAS CHARACTERISTIC OF PROLONGED 



SULFONAMIDC THnRAP\ 



Days of 

Days of 

Sulfonamide 

Patient 

Penicillin Therapy 

Sulfadiazine Therapy 

Toxemia 

1 GH 

39 days 

96 days 

+ 

2 GT 

42 days 

4 days 

+ 

3 MM 

14 days 

27 days 

0 

4 EW 

36 days 

169 days 

+ 

5 OP 

20 days 

82 days 

0 


hemoglobin and new red blood cells The only satisfactory method of cor- 
recting the anemia in chronic infections is the transfusion of whole blood in 
amounts adequate to restore the total circulating red blood cell mass to stand- 
ard values This permits utilization of protein reserves primarily for wound 
healing 

Our observations suggest that after correction of anemia the wounds heal 
even though tissue protein reserves are not replaced immediately Adequate 
wound healing has been noted in patients without concomitant weight gam 
Apparently, the synthesis of new protein assigns priority to wound healing 
rather than to replenishment of tissue protein reservoirs Restoration of tissue 
protein depends upon the intake of food protein and calories m excess of 
normal requirements The most important and reliable evidence of this 
replacement is progressive and sustained weight gain Thus, blood transfusion 
and adequate protein intake are both essential features of the supportive nutri- 
tional program in the surgical arrest of the disease 

CONCLUSIONS 

1 Depletion of blood proteins is a significant feature of the malnutrition 
observed in patients with Wolff-Israel actinomycosis 

2 Precise evaluation of the anemia and hypoprotememia demands repeated 
blood volume determinations throughout the period of clinical management 

3 Transfusion of whole blood m quantity sufficient to restore the total 
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cuculatmg led blood cell mass is obhgatoiy m the i^ie-opeiative piepaiation 
of the patient 

4 Replacement of blood lost during suigical opeiations demands whole 
blood transfusions to maintain the pre-operative status 

5 Postoperatively, maintenance of the blood proteins is necessary to divert 
labile protein reserves to the purposes of wound healing 

6 Replenishment of tissue piotein reserves, as evidenced by weight gam, 
demands an intake of food proteins and calories in excess of normal require- 
ments 

7 Pemullin is the antibacterial agent of choice during the period of hospi- 
talization and initial surgical management Sulfonamides (sulfadiazine) are 
leserved for prolonged medication during convalescence 

8 The surgical procedures recommended m the treatment of actinomy- 
cosis aie 

(a) Drainage of abscesses 

(b) E^.clSlon of accessible foci of devitalized and infected tissue 

(c) Reparative closure of resultant tissue defects by secondary suture, sliding or 
pedicle flaps and free skin grafts 

9 Under this program of management the disease has been promptly 
arrested, wounds have healed and body weight has been restored 
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Discussion —Dr Rudolph Matas, New Orleans I want to congratulate Doctor 
Gage and Associates on their success in improving the prognosis of actinomycosis The 
results of chemo-therapy with the sulfonamides is disappointing as must be expected in 
resorting to drugs so unfit for prolonged administration, especially in the chronic visceral 
lesions that are so inaccessible to surgery The combination of penicillin With massive 
whole blood transfusion and high dietary intake of protein, is a decidedly valuable contribu- 
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tion in which the advances m therapeutic hematology may justly claim even a greater 
share of credit for the result than surgery with or wuthout the aid of antibiotics The old 
recognized value of potassium iodide should not be overlooked in the excitement of the 
new therapj’^ 

Dr Altok Ochsntr, New Orleans Doctor Gage’s presentation is more significant 
than ivould appear at first thought, not only because of the results he has obtained in the 
treatment of actinomycosis, a disease which m_its extensive form has defied treatment, but 
also because of the results obtained in other chronically ill patients Dr Champ Lyons 
for the past two years has been carrying on extensive investigations on our service at 
Tulane and has found that the chronically ill patients suffering from chronic infection, 
specific and non-specific, and suffering from neoplasms have alterations in their blood 
volume which are not detected by the ordinary laboratory examination Although 
many of these patients appear to have no anemia because of the relatively normal hemo- 
globin per cent value and relatively normal red cell pei cu mm value, they actually have 
severe anemia because of a contracted blood volume One must know the total circulating 
hemoglobin and the total circulating red cell mass to treat these chronically ill patients 
satisfactorily This can be ascertained onlj by the determination of the blood volume 

Dr George Whipple has shown that there is a preferential demand on protein for the 
synthesis of hemoglobin, and in the individual who has a deficient amount of hemoglobin, 
the protein taken in maj’- be utilized entirelj' for the synthesis of hemoglobin and may 
not be available for repair of tissues This is particularly important in the chronically ill 
patient, such as the one with actinomj'cosis 

For some time we have known empirically that the chronically ill patient required 
blood preoperatively, because ive knew that unless they received blood before operation, 
they could not withstand a major surgical procedure without getting into difficulty 
Without knowing what their actual deficiency was, we were at a loss to know what 
to give them By the determination of the blood volume we can estimate what their 
actual deficiency is and correct this by the administration of adequate amounts of whole 
blood During the past two years we have found that in our chest patients an average of 
2 5 liters of blood was required preoperativelj’- to replenish their deficiency 

The anemia associated with actinomycosis is especially important because if sulfona- 
mides are used therapeutically the anemia is likely to be aggravated It is because of this, 
as emphasized by Doctor Gage, that the chemotherapeutic management early in the course 
of the disease should consist of the administration of penicillin rather than sulfonamides 
Later, after the anemia has been corrected and after repair of the tissue has begun, 
sulfonamides can be started and must be continued for a long period of time, usually for 
many months With the institution of the regimen outlined by Doctor Gage and his 
associates, we have been able to control and to bring about a cure in cases of actinomy- 
cosis which previously would not respond to any type of therapy Although my remarks 
have been concerned principally with the anemias and chemotherapy, I would not want 
to leave the impression that surgical therapy is not equally as important in these cases 

Dr I S Ravdin, Philadelphia Doctor Gage is to be congratulated on this presen- 
tation In his paper yesterday. Doctor Zintel pointed out a similar mechanism in the 
treatment of patients with carcinoma of the colon It has imiversal application in patients 
who have a hemoglobin deficiency, and at the same time a deficiency in the reserve stores 
of protein Regardless of the type of feeding, the protein and minerals will go to 
restoring hemoglobin, and not toward replenishment of the protein stores I think atten- 
tion should be called to the work of Paul Cannon on the control of infection under such 
circumstances He has pointed out that as soon as a protein deficiency exists in the 
experimental animal, antibody formation and phagocyte formation is retarded Thus 
two of the biologic factors which have to do with control of infection are disturbed 
In speaking of diet under the circumstances described by Doctor Gage one should 
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remember that though it is important to give adequate protein, if large amounts of 
carbohydrate and protein are fed, the fat content of the diet can be increased, then you 
can prevent large losses of protein in the urine Where liver protection is not so impor- 
tant, the restriction of fat is not so important 

Dr Mims Gage, New Orleans (closing) In answer to Doctor Churchill’s question, 
I would state that we use the plasma dye technic to determine the blood volume The 
technic may be criticized as to its accuracj However, we believe that it is sufficiently 
accurate to demonstrate and call our attention to the presence of chronic shock in the 
chronically ill or debilitated patient By the use of plasma dye method in estimating the 
blood volume preoperativ ely, we have been able to demonstrate the presence of chronic 
shock, overcome this state of chronic shock, return the patient to a normal physiologic 
basal line, making it possible to proceed with major surgical procedures with most 
gratifying postoperative convalescent and clinical curves I am convinced that bv deter- 
mining the blood volume m the chronically ill patient and restoring the patient to 
physiologic balance we have saved many lives which would have been lost without 
the above knowledge 
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AN EVALUATION OF METHODS OF PENICILLIN THERAPY 

IN THORACIC SURGERY*t 
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J P Bartlett, M D and W E Adams, M D 

Chicago, Ii-l 

TROM THE DEPARTMENT OE SURGERA OF THE UNIVERSITY OF CHICAGO 

Penicillin is now being widely used in the active treatment of or pie- 
vention of infection in many medical and surgical conditions Various methods 
of admimstiation have been recommended and aie now being used, whereas 
the final decision as to which are best or preferable have not been made The 
ideal method may vary accoiding to the condition under treatment It was 
thought woithwhile to deteimine concentrations of penicillin in blood serum 
and pleuial fluid following technics of administration commonly employed, 
and to considei their relative merits This study was made on humans and on 
dogs having mtrathoracic opeiations in which a lung lobe or an entire lung 
was lesected 

It IS believed by the authoi s that the study of penicillin titers in appropriate 
body fluids affords a somewhat more controlled means of evaluating relative 
therapeutic efficacy of a given method of administration than is possible by 
clinical observation in a comparable number of patients Without large num- 
bers of patients, affording statistical proof of the supeiiority of a given technic 
by Its therapeutic response, clinical observation may be misleading 

In Vit 7 0 studies by Rammelkamp and Keefer^ indicate that penicillin has a 
bactericidal effect on hemolytic streptococci in serum m concentrations of as 
little as 0015 Florey units per cc They state that a concentration between 
o 03 and o 3 units per cc of whole blood was necessary for maximal killing 
of the hemolytic streptococcus 

Staphylococcus aweiis was found in general to be more resistant to the 
diug, requiring about 015 units per cc of penicillin for maximum killing effect 
Growth of organisms is inhibited at considerably lower concentration They 
noted that as the blood titer of penicillin falls following intramuscular admin- 
istration, the bactericidal action tends to be maintained, and that there was an 
anti-staphylococcic action of the whole blood for almost an hour after the 
serum concentration of penicillin was too low to detect 

Different strains of staphylococci exhibit wide variations of susceptibility 
to penicillin, sensitivity ranging from o 02 units per cc to o 35 units per cc 
for bactericidal effect of 29 strains tested in veal infusion broth 

Other oiganisms display a wide range of susceptibility to penicillin, and 
dosage and technic of administration should be regulated accordingly ^ 

* Read before the American Surgical Association, March 26, 1947, Hot Springs, Va 
t This work was done in part under a grant from the Etta Baker Fund for Tuber- 
culosis Research 
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METHODS 

Intramuscular, intratracheal, aerosol, and intrapleural administrations of 
penicillin were studied with assays made on serum, and in some instances 
pleural fluid, at given time intervals following administration Most of the 
determinations were made from clinical material Studies on dogs, most of 
which had undergone pneumonectomy for other experimental purposes, were 
used to supplement clinical data A tabulation of the number of experiments 
performed appears m Table I In general each experiment represents a single 
administration of penicillin followed by one to several fluid level determina- 
tions made at various intervals 


Table I 

PENICILLIN THERAPY 

Expenments Performed 




Man 


Dog 

Method of Administration 

Serum 

Pleural Fluid 

Serum 

Pleural Fluid 

intramuscular 

16 

20 

4 

0 

Intratracheal 

9 

0 

8 

0 

Aerosol 

12 

0 

10 

0 

Intrapleural 

8 

20 

12 

12 

Total 


85 


46 


Number of experiments performed on patients and on dogs for each of the techniques 
of pemciltm administration studied 


Assays were made by a modified cup-agar technic as described by Abra- 
ham, et al^ and by Foster and Woodruff * A sensitive strain of Staphylococcus 
aureus was used as the test organism In general, assay values were consid- 
ered reliable for penicillin concentrations within therapeutic range, i e , o 03 
units per cc and higher 


RESULTS 

A Intramuscular Injections 

Serum levels Serum titers of penicillin following intramuscular injection 
of 20,000 units are represented m Chart i Maximum, average and minimum 
levels are indicated Averages, represented by solid lines, are made from four 
to eight assay determinations for each time interval indicated It is seen that 
maximum levels are attained m 15 to 30 minutes after injection In two hours 
there is a minimal therapeutic level This is m general agreement with other 
investigators in this field (Results of animal experiment agree with 

humans) 

Dogs given intramuscular penicillin, in doses proportional to weight corre- 
sponding to 20,000 units for a 70 kg man, showed a similarly shaped serum- 
level curve for the first one-and-one-half hours, with maximum levels at one- 
half hour ranging from o 34 units per cc to o 43 units per cc At the end of 
one-and-one-half hours, titers ranged from 014 unit per cc to o 23 unit per cc 
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Pleujal flmd levels Pleuial fluid penicillin levels obtained following intra- 
muscular administration were extremely variable, depending apparently upon 
the duration of treatment, manner m which the fluid was obtained, i e whethei 
by direct thoracentesis or from a Pezzer catheter or other drainage tube, and 
perhaps other factors such as the amount of fluid present m the pleural cavity, 
the presence of infection with penicilhnase-formmg organisms, and perhaps 
the condition of the pleural serosa Table II represents values obtained which 
are thought to be relatively compaiable m the conditions under which they 
were obtained, i e absence of supplementary medication, absence of infection 
and samples freshly drawn from the pleural cavity 




J/f/ro/tfuscuMr - Sen/m /ai/ff/s 

o — o /at^e/s 

M—-X /^ax//tiun7 /tsua/s 
a — -a /ava/s 



20,000 (/Otfs 
In/ra/Mvse <//or 


/ 2 2 ^ 3 3 ^ 

Tune efT'ier injec/ion (7/otJrs) 


Chart i — Serum levels (units per cc ) at various time 
intervals following intramuscular injection of 20,000 units 
of penicillin 


Pleural fluid penicillin levels are seen to be maintained at therapeutic levels 
for two hours or longer, reaching a maximum at about one-and-one-half hours 
after injection On one occasion a penicillin titer of 003 units per cc was 
noted SIX hours after the last intramuscular injection of 20,000 units 

In general it is noted that 40,000 unit doses intramuscularly give more than 
double the pleural fluid penicillin level rendered by 20,000 unit doses 

Cooke and Goldrmg’^ concluded that the concentration of penicillin m 
edema, ascitic and pleural fluids tend to approximate that of the blood serum 
The present study seems to indicate that titers of pleural fluid do not neces- 
sarily approximate those of the serum for any particular time after adminis- 
tration but rather fluctuate more gradually and may approximate the median 
blood serum level over an extended period It would seem that a large amount 
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of pleural fluid or thickened pleura would cause inoie gradual fluctuations in 
the pleural fluid penicillin level 

B Intratracheal Instillations 

Intiatracheal instillations of penicillin were made on nine patients, usuall> 
following bronchoscopy, but on three occasions by use of a Jackson cannula 
Results by the two technics were essentially similar, and are combined m their 
graphic representation m Chart 2 


Tabll II 

l CMICII t tN TUrRAPV 

Hours After Administration 


Dose 

14 

I M 

u/cc 

40 000 U 


40 000 U 


40 000 U 

0 06 

40 000 U 

15 


20 000 U 

24 

20 000 V 


20 000 U 

tr 

20 000 U 


20 000 U 



1 

m 

2 

u/cc 

u/cc 

u/cc 

0 23 

0 24 

0 IS 

27 



18 

28 

28 


03 

12 

08 


Pleural fluid penicillin levels (units per cc ) at tanous time intervals following intra- 
muscular injection of 40 000 U and 20 000 U doses in man 


Single experiments were performed with 200,000, 100,000 and 90,000 
unit doses (20,000 units per cc in each case) Maximum, minimum and aver- 
age levels are noted for 50,000 unit doses, average values representing from 
three to five determinations each 

Maximum levels were uniformly noted after one-half hour, with generally 
good therapeutic serum penicillin concentration^ at that time By the end of 
two hours after 50,000 unit doses, minimum therapeutic serum levels were 
noted, and at three and four hours only traces of the drug w^ere found in the 
serum Increased dosage gave correspondingly higher serum levels The 
sodium salt was used in these experiments, although calcium penicillin is 
reported to be more pleasant to take and has less local tissue toxicity ° 

Intratracheal penicillin administered by bronchoscope to eight dogs m 
doses of 20,000 units (equivalent by weight to a|)proximately 100,000 units m 
the human) yielded average serum penicillin levels 

C Aerosol Administration 

Considerable technical difficulty was encountered m administering penicillin 
by aerosol efficiently enough to yield detectable blood levels Use of a BLB 
mask through which the nebulized penicillin \vas inhaled resulted m great loss 
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of the drug due to precipitation of pai tides on the lining of the mask, appar- 
ently because of turbulence of flow consequent to poor streamlining The best 
results in blood levels, and presumably also m dissemination of the aerosol 
throughout the lungs, were obtained as follows The nebulizer* outlet is held 
in the mouth, the lips forming a seal An oxygen (or compressed air) flow of 
four to five liters per minute is used A Y-tube between the oxygen source 
and the nebulizer has one arm open, acting as an exhaust when the nebuhzei 
is not being actuated Pressing the thumb over this exhaust opening forces 
the oxygen through the nebulizer® The patient is instructed to breathe as 


I/r/ra/r'ac/feo/ '• Ssrum Ui/e/s 

o — o ffi^ero^ /eue/s 'l 

o — Q 





Chart 2 — Serum levels (units per cc ) at various time inter- 
vals following intratracheal administration of penicillin m various 
doses by bronchoscope or Jackson cannula (Traces of penicillin 
are indicated on the graph as o 01 unit per cc ) 


t 

slowly and deeply as is comfortable During the first half of the inhalation 
phase the nebulizer is actuated by pressing the thumb over the open arm of 
the Y-tube, and the patient breathes in through his mouth The inhalation is 
completed through the nose with the thumb removed from the exhaust outlet 
Expiration is through the nose A co-operative patient can learn the technic 
quickly With ordinary breathing aerosol mists can be seen to be exhaled 
Using Jhe technic described, no such mists are visible Barach, et aP advocate 
holding the breath for a moment after inhalation to insure maximum effective- 
ness This seems to be less comfortable over an extended period of time than 
the technique herein .described One or tv o rinses with one-half to one cubic 

* Made by the Vaponephrm Company The medium mass diameter of the droplets 
was approximately 25 micron 
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centimeter of water oi saline in the nebulizer carburator aie necessary to 
deliver most of the drug because of the drying and concentration of the solution 
during nebuhzation As much as half the initial dose has on occasion been 
recovered from the nebulizer after it had been considered that the treatment 
was completed 

Sodium penicillin was admimsteied m 30,000 unit doses in i 5 cc of saline 
Administration usually required from one to one-and-one-half hours None 


Table III 


Time 


PENICtUIS THERAPY 


Serum Level (U/cc ) 


]/i hour 0 24 

1 hour 0 18 

hours 0 09 

2 hours 0 OS 


Penicillin serum levels in dogs following 20 000 U intra 
tracheally Each value represents the average of three to eight 
determinations 


P'eA7/c////f3 ~ Sarum /sve/s 



Chart 3 — Blood serum levels (units per cc ) at various time 
intervals following administration of 30,000 units of penicillin b> 
aerosol 


of the patients complained of the taste, or of irritation of the upper respirator} 
tract Blood serum levels appear in Chait 3 

Maximum serum levels were noted at the completion of administration, 
representing, on the average, only minimal theiapeutic levels From one-half 
to one-and-one-half hours after nebuhzation only traces of the drug were 
usually noted 

Aerosol penicillin was attempted on 10 dogs, usually delivered through a 
positive pressure anesthesia apparatus Some of the dogs were normal , others 
were undergoing pneumonectomy at the time of administration The usual 
dose was 16,000 units, corresponding by weight to about 70,000 units in man 
With one or two exceptions blood serum titers showed at most a trace of 
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penicillin Synchronizing nebulization with respiration was not attempted, and 
much was doubtless lost in both exhaled mists and at angulai points m the 
appaiatus, distuibing a smooth an flow 

D Intiapleuial Administration 

Seiiim levels Penicillin was administered intrapleurally and blood serum 
assayed for penicillin in eight patients Assay determinations are represented 
in Chart 4 


In/rop/eura/ p'^n/c/ZZi/j - Serum /ei/s/s 

o — o /I trero^e /eue/s d^^/erm/rra/zons) 
X X Maximum /eue/s 



SoloooUmh Time c}//er m/ec/zon r/^aars) 

Chart 4 — Blood serum levels (units per cc ) at various time 
intervals following intrapleural administration of 200,000 units of 
penicillin 

Administration of the drug was by thoracentesis, or following pneumonec- 
tomy it was combined with 500 cc of plasma instilled into the empty pleural 
cavity No appreciable difference m serum penicillin levels were observed from 
the two technics, and the results are combined Theiapeutic levels were pres- 
ent in the serum for 9 to 12 hours with traces detectable up to 36 hours 
aftei injection 

The curve representing maximum penicillin levels was made almost entirely 
through the first 24 hours from determinations on one patient after a single 
intrapleural injection The jump in concentration occurring between the third 
and fifth houi is unexplainable unless one assumes an increased rate of absorp- 
tion from the pleural cavity, or a diminished urinary excretion during that 
time Certainly a wide range of serum penicillin values through the first 12 
hours IS noted in the present studies 

The curve of maximum values indicates that absorption of penicillin takes 
place fiom the pleural cavity sufficiently rapid to give therapeutic serum levels 
within the first half hour, rather than at six hours, as is suggested by the 
average curve 
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Plewal flind levels Penicillin concentrations in the pleural fluid following 
intrapleural administration of 200,000 units are represented in Chait 5 Ex- 
tremely high titeis weie found immediately after injection, as is to be expected 
Average levels weie seen to be maintained at good therapeutic values through 
at least 60 hours, and individual determinations at 84 and 114 hours still 
showed o 38 units per cc and 021 units per cc respectively 

Intrapleural instillation of penicillin was made into the pleural cavities of 
ten dogs sometime following pneumonectomy and of two dogs at the time of 
pneumonectomy The dosage was 50,000 units in 200 cc of pooled human 



Chart 5 — Penicillin titers (units per cc ) in the chest fluid 
at various time intervals following intrapleural injection of a 
200,000 unit dose 

plasma Chest fluid and blood serum assays revealed values in no way 
comparable to those in humans Seiuni levels were extremely variable, 
ranging from o 03 to 15 units per cc within the first five hours, and from 
o 00 to o 12 units per cc at about seven hours At 24 hours no penicillin was 
detectable in the serum of any of the twelve animals (Compare with Chart 4) 
Chest fluid levels were also erratic, ranging from 2 90 to 44 o units per cc 
within the first four hours, and from o 10 to i 80 units per cc at about seven 
hours At 24 hours the chest fluid contained no detectable penicillin in any of 
the 12 dogs Evidently penicillin is absorbed from the pleural cavity much 
more rapidly m dogs than in man 

DISCUSSION 

The serum levels of penicillin resulting from use of the technics here studied 
are represented in Chart 6 The curves drawn represent the average values 
as shown on Charts i, 2, 3 and 4 
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Intiaiiiusculai penicillm generally gives the highest serum titers of the 
methods heie studied, and is the most efficient routine method of administra- 
tion foi maintaining adequate senim levels It has the disadvantage of fre- 
quent, rathei painful injections, thus unpleasant foi the patient and for the 
nursing staff Doses larger than 20,000 units, 01 moie fiequent administration 
than once every three hours, would prevent serum concentration from falling 
to zero between injections and would be indicated for patients not responding 
well to the more conventional dosage schedule 

Intratracheal penicillin in 50,000 unit doses yields relatively poor and tran- 
sitory serum levels It could not ordinarily be used as a loutine method of 
administration because of the technical difficulty involved and the discomfort 


Scrum L<Ti<€/s - l^rfous rou/es 



Chart 6 — Penicillm serum levels (units per cc ) at given time intervals 
following administration by various routes 


to the patient In patients with chronic bronchitis, asthmatic bronchitis, 
bronchiectasis or chronic lung abscess it may be of value m its local effect on 
the disease process Kay and Meade^® report intratracheal penicillin to be of 
particular value in the treatment of chronic bronchitis, minimal bronchiectasis, 
advanced inoperable bronchiectasis and in preoperative preparation of lobec- 
tomy patients In many of their patients they noted a more rapid and more 
marked improvement than had been observed by the use of intramuscular 
administration of 25,000 units every three hours 

Aerosol administration of 30,000 unit doses of penicillin yielded the 
poorest serum concentrations of all the methods studied Here again, except 
for the possible local effect of the drug in diseases of the bronchial tree it 
would not be indicated as a routine method of therapy The concomitant 
oxygen therapy may be indicated for some patient, but unfortunately in these 
same individuals one could not expect the cooperation or ability necessary for 
efficient utilization, as is required for the technic described above A nasal 
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cathetei has too small a diametei to be an efficient conduit for the mists, and 
a large share of what should reach the respiratory tract would doubtless be 
exhaled, as was noted with ordinary breathing The BLB mask is not an effi- 
cient medium for aerosol therapy m the limited experience of the authors 
Mutch and RewelB^ report high blood titers of penicillin using approximately 
200,000 to 300,000 unit doses administered in one-half hour administrations, 
using a Colhson nebulizer and BLB oxygen unit, and running eight to ten 
liters of oxygen per minute They report wastage of 60 to 75 cent of the 
solution Barach, et afi and Vermilye^^ found relatively low serum concentra- 
tion of penicillin following aerosol therapy, but they cite case histones in which 
distinct clinical improvement seemed directly attributable to this method of 
administration It would seem wise to avoid considering aerosol penicillin 
as a panacea for the treatment of chronic infectious diseases of the respiratory 
tract until more data has been accumulated as regards the blood penicillin 
levels, to indicate a distinct advantage in this type of therapy Aerosol is 
certainly not a substitute for intramuscular injections m conditions in which 
an adequate serum penicillin level is desired If it is used indiscriminately in 
general practice and m the home, where Vermilye implies it should be of 
great value, it may easily result in great waste of the drug, needless expense 
and office visits for the patient and a false sense of security in the treat- 
ment given 

A clinical study of penicillin used by the aerosol method of administration 
was carried out by Dr Erwin Levin of our Medical Department following 
the completion of the present study This method of administration was used 
in 34 patients having bronchiectasis, chronic bronchitis or carcinoma of the 
lung In some patients it was used as a means of treating active infection 
In others it was used as a means of preparing the patients for operation The 
usual dosage was 50,000 units of penicillin in 2 cc of saline solution adminis- 
tered over a period of 20 minutes This dosage was repeated every three hours 
five times a day for one to several weeks In 21 of the patients all of the gram 
positive organisms disappeared from the sputum, and in 13 the number of 
these organisms was markedly diminished Of the ii patients prepared for 
operation by aerosol treatment for three to seven days, only two showed the 
presence of gram positive organisms in the surgical specimen In six other 
patients the gram positive organisms disappeared from the sputum but 
returned in three to five days after the penicillin was discontinued Of ten 
patients with chronic bronchitis treated by this method, nine showed little 
or no improvement Doctor Levin’s conclusion was that aerosol administration 
was an eftective method for gram positive organisms in the sputum and was 
useful as a preoperative measure About 20 per cent of these patients devel- 
oped a rash or a glossitis or pharyngitis four to seven days after the treatment 
was begun The treatment required the co-operation of the patient 

Intrapleural penicillin in 200,000 unit doses gives a sustained serum con- 
centration at therapeutic levels for nine to 12 hours after administration, 
evidently rising to adequate levels within the first hour rather than over the 
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first SIX hours as indicated in Chart 6 Intrapleural injection is limited in its 
usefulness because its local effect in the pleural cavity is its primary objective, 
thus its use IS limited to patients in whom fluid already exists m the pleural 
cavity, or following surgery such as pneumonectomy in which prophylaxis 
against empyema is desired In several patients it was used concomitantly 
with intramuscular injections, and isolated serum assay suggests an additive, 
or even what might be called a symbiotic, effect f i om the two techniques , i e , 
higher penicillin concentrations sustained for longer periods of time than might 
be expected from a simple summation of titers There is insufficient data to 
consider this as more than a suggestion, however 

Pleural fluid penicillin levels following intramuscular injection are gen- 
erally adequate following 20,000 unit doses, but more efficient use of the drug 
IS apparent with 40,000 unit doses From the limited data here presented it is 
evident that intramuscular penicillin, 40,000 units every three hours, would 
adequately control pleural infection by penicillin-sensitive organisms 

When thoracenteses are indicated for removing excess pleural fluid, where 
the chest is surgically or otherwise open, or when more resistant infectious 
organisms are encountered in the pleural cavity, intrapleural administration is 
preferred because of its great local concentration, absence of frequent painful 
injections and duration of action 

We have used this method of administration in 18 patients following total 
pneumonectomy for carcinoma of the lung, and in two patients with pulmonary 
suppurative disease The only complication of empyema resulted following 
one of the two resections for pulmonary suppuration In this patient a draining 
sinus was present at the time of pneumonectomy, thus contamination of the 
pleural cavity was considerable during the operation This patient did not 
develop a bronchial fistula One of the 18 patients with carcinoma of the lung 
developed a temporary bronchial fistula which healed spontaneously without 
the production of an empyema One of the patients died of bronchial pneu- 
monia in the remaining lung, but without a bronchial fistula or empyema on 
the side of surgery. 

Intrapleural injections once every three days should be adequate for main- 
taining high therapeutic levels When pemcillinase-formmg organisms* are 
present in a mixed infection empyema, therapy should be directed at eliminat- 
ing these organisms first, otherwise the penicillin may be rapidly inactivated, 
the resistant organisms may keep the infection active, and there is danger of 
penicillin resistance developing in the otherwise sensitive organisms due to 
prolonged exposure to non-bactericidal fluid levels of the drug 

CONCmJSION 

Intramuscular injection of penicillin is probably the best of the methods 
here studied as far as obtaining desirable blood serum levels in the non-surgical 
patient 

* E colt, Proteus vulgaris and other gram negative motile bacilli are often potent 
penicillinase formers 
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Intramusculai injections of 40,000 units of penicillin eveiy three houis 
maintains good therapeutic levels m the pleural fluid Tuenty thousand unit 
doses appeal much less effective 

Intratracheal instillation of 50,000 units of penicillin gives therapeutic 
serum titeis at one-half hour but falls to minimum theiapeutic levels by one 
hour Doses of 100,000 units and 200,000 units give correspondingly highei 
serum values within the first hour aftei administration 

Aerosol penicillin in a dose of 30,000 units jnelds generally poor, but some- 
times therapeutically adequate serum levels for as much as an hour after 
completion of administration Largei doses would probably pioduce someuhat 
highei values This technic is not to be legarded as a substitute for more 
established forms of administration m routine use, and until moie efficient 
technics of utilization are developed and proved, aeiosol penicillin should not 
be regarded as a home or office panacea 

Penicillin injected mtiapleurally in 20,000 unit doses maintains therapeu- 
tically adequate serum levels for nine to 12 hours Pleural fluid levels remain 
high foi as much as four 01 five days after administration by this method 

SUMMARY 

Several technics of penicillin therapy were studied, using serum and 
pleural fluid drug concentrations as pi imary critei la for evaluating the relative 
efficacy of treatment m thoracic surgical diseases 

(We are indebted to Mrs Virginia Green, PhB , for the organization of the 
bactenologic work and to Miss Mary Augustine, B S , for the penicillin assay 
determinations ) 
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Discussion — Dr John H Gibbon, Jr, Philadelphia I think this work of Doctoi 
Adams’ is very important It brings up the whole question of whether you should use 
antibiotic therapy locally, or generally, or combine both methods The only way to answer 
the question is to study the concentrations of the antibiotic agent in the local fluid and m 
the blood serum I think Doctor Adams has shown very well that there is some value 
in introducing penicillin into the pleural cavity after a pneumonectomy We have been 
using penicillin in this fashion routinely In 17 pneumonectomies for carcinoma performed 
in the past ten months we have had one empyema, and that was due to B colt 

I think his observations on aerosol penicillin are very interesting, and probably 
indicate that the procedure is not of great value in chronic pulmonary disease 

Dr, Alfred Blalock, Baltimore I have enjoyed the report of this excellent studj" 
by Doctor Adams and his associates I wish to ask a question about the choice of patients 
in whom one should use penicillin We have given penicillin routinely preoperatively and 
for the first few days postoperatively to approximately 400 patients with congenital heart 
disease upon whom we have operated m the last two years We have had no instances 
of empyema or mediastinitis in this group, and I have often wondered if the penicillin 
is responsible for the absence of infections At the same time I have worried about the 
expense and the discomfort which the injections cause Being somewhat superstitious in 
nature I have hesitated to discontinue this routine practice of giving penicillin to this 
group of patients I wonder if Doctor Adams would express an opinion as to^ whether 
such injections should be given routinely 

Dr W E Adams, Chicago (closing) I do not think I am in any better position to 
answer Doctor Blalock’s question than he is, or others here We have felt likewise that 
penicillin is used more frequently than is necessary The problem is, when to use it 
If there is any possibility of respiratory function being interfered with following oper- 
ative procedures, from collapse of the lung or less expansion of the lung than normal, 
and some likelihood of atelectasis or pneumonitis, this would be an indication to use it 
These may frequently occur in thoracic surgery We are using penicillin at the present 
time in all thoracic surgery and in much of our general surgery 

When we started this study we hoped that the aerosol method would prove to be 
more efficient than it has All patients dislike being stuck every three hours with intra- 
muscular injections, but since the blood serum levels of the aerosol method were so poor, 
we felt it was not a good substitute for the intramuscular method At the present time we 
use penicillin intramuscularly to prepare patients for operation, and immediately after 
operation until the temperature is down to normal, following this we depend on the 
intrapleural method for the most part I share Doctor Gibbon’s view regarding the poor 
results of the aerosol method in chronic pulmonary infections 

I want to thank Doctor Gibbon and Doctor Blalock for their discussion 


591 



STUDIES IN POSTOPERATIVE CONVALESCENCE-' 

Warren H Cole, M D , Roberi W Keeton, M D , Nathaniel 0 Callo- 
way, M D , Nathaniel Glickman, M S , H H Mitchell, Ph D , Miss 
Josephine Dyniewicz and Miss Doris HowEsf 

Chicago and Ukuana, Ili, 

PROM THE DBPARTVIBNTS OF MEDICINE AND SURGERV UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 
CHICAGO ILLINOIS AND THE DEPARTMENT OF ANIMAL HUSBANDRY COLLEGE OF AGRICULTURE UNIVERSITY 

OF ILLINOIS, URBANA ILLINOIS 

It has blfn only during the past lo oi 15 years that the surgical pro- 
fession has fully appreciated the true value of proper preoperative and post- 
operative care in the treatment of patients undergoing operation In general, 
so much more attention has been devoted to preoperative than to post- 
operative care that efficiency of treatment of the latter type has lagged behind 
Although various therapeutic procedures carried out in preoperative care can 
and must be continued on into postoperative care, there are many types of 
therapy which are very important in the after-care of patients, but of unknown 
or little significance in preoperative care Ambulation is an example of this 
difference in value between certain types of treatment, since it plays a much 
greater role in postoperative care, although all surgeons appreciate the danger 
of operating on patients who have been bedfast for several days before 
operation 

Although as long ago as 1899 Ries^ called attention to the value of ambu- 
lation in postoperative care, its true significance was not appreciated for 
thiee or four decades The importance of ambulation and graded exercises 111 
shortening convalescence in military personnel was noted by Rusk,^ Karpovich® 
and others However, the work done by the above authors applied primarily 
to convalescence fiom non-surgical disease Furthermore, many of the exer- 
cises (including the Harvard step test^) used m the study of convalescence from 
diseases such as pneumonia, measles, scarlet fever, etc , cannot be utilized in 
surgical patients (particularly those having had a laparotomy) because of the 
danger of wound separation On the othei hand, ambulation can be utilized 
with safety in surgical patients as has been shown by the pioneer woik of 
Powers® and others during recent years 

Considerable clinical data have been accumulated up to date revealing the 
advantages of ambulation Economy of hospitalization is by no means the 
most important advantage A comparative study of a large series of cases by 
Schafer and Dragstedt® has revealed a lower incidence of atelectasis and less 
postoperative fever in the ambulated patients Leithauser'' has reported that in 
ambulated patients the normal vital capacity returns in two to seven days 
instead of seven to 14 days in patients not ambulated, he considers that “pul- 

*Read before the American Surgical Association, March 26, 1947, Hot Springs, Va 
t The work described in this paper was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research and Develop- 
ment and the University of Illinois 
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monary complications increase in direct proportion to the reductions m vital 
capacities ” 

Elman and Akin^ have emphasized the deleterious effect of bed rest and 
malnutrition on appetite and accordingly have very aptly warned that by no 
means can appetite be considered an index of the patient’s caloric needs Pre- 
liminary reports on ambulation suggested that it would eliminate phlebo- 
thrombosis and pulmonary embolism However, Powers^ has reported that 
venous thrombosis is by no means eliminated, although the incidence of fatal 
pulmonary embolism appears to be reduced Burch and Fisher® report two 
fatal pulmonaiy emboli in 1908 patients ambulated after abdominal operations 
at an army hospital This appears to be a low incidence, but when we realize 
that practically all of these patients (representing a group in which pulmonary 
emboli are relatively infrequent) were )'^oung, it becomes obvious that these 
complications will not be eliminated by ambulation Numerous observers have 
reported an improvement m wound healing with a lowered incidence of wound 
disruption 

The presence of a negative nitrogen balance in convalescing patients has 
long been known Cuthbertson’s^® early observations (1932) that the nitrogen 
excietion on the first postoperative day is low has been confirmed by the 
authors and others Cuthbertson reported further that the negative nitrogen 
balance following operation exceeded that observed during starvation, indi- 
cating that lack or decrease of food intake was not the only factor giving rise 
to a negative nitrogen balance in patients convalescing from operation Merely 
confinement to bed has been shown to result in a negative nitrogen balance 
(Keys^^) Elman and associates® and Co Tui and associates'^ have called 
attention to the fact that the postoperative negative nitrogen balance in 
patients can be prevented by force feeding with proteins and parenteral admin- 
istration of ammo acids However, it is well known that a simple order to 
force feedings in patients immediately postoperatively cannot solve the problem 
of negative nitrogen balance because of the gastric and intestinal atony so com- 
monly observed following laparotomy The conclusion expressed by Ivy and 
Grossman^® that “the best means for increasing gastric tone and motility is 
physical exercise” can be supported by all observers studying patients during 
postoperative convalescence 

PURPOSE OP EXPERIMENTS 

Unfortunately the pendulum always swings too far when a new form of 
therapy is introduced , unquestionably many patients are harmed in vigorous 
ambulation programs, by the uncontrolled efforts of some surgeons not too 
well informed on physiologic functions and the inadequate reserves of their 
patients As a matter of fact, very little data are available at the present time 
to indicate which patients should not be ambulated, and how much ambulation 
should be prescribed Furthermore, ambulation is only one of innumerable 
forms of treatment which m^ght be instituted to improve the rate of post- 
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opeiative convalescence We are already becoming aware of the gieat value 
of a high protein intake (Elman), and liberal quantities of blood Other 
factors, including chemotherap}', physiotherapy, psychotherapy, etc , are im- 
portant m convalescence but vithout doubt many other types of therap}'^ still 
unknown may aid greatly m the speed of recovei}^ from operations 

However, we cannot expect other important discoveries to be made in 
the field of postoperative convalescence without first getting more data as to 
what physiologic functions aie impaired and how Perhaps one of the most 
important questions to solve is the explanation of the extreme \\eakness so 
pievalent following major operations, paiticularly in people past middle age 
Inadequate diet will explain many deciements, as will be discussed later, but is 
not the major factor m explanation of this manifestation, which is probably 
the most important one retarding con\alescence Has the cardiac reserve 
been impaired sufficient!)^ to explain this weakness and fatigue^ At present 
there is inadequate evidence to explain these symptoms on that basis Has the 
content of glycogen or other tissue constituents in the muscle been disturbed 
sufficiently to explain them? Could impairment of such organs as the liver, 
adrenal glands, etc , explain them ? It is obvious that the true explanation is 
unknoAvn 

For reasons discussed above there is an obvious need for the study of (i) 
the functions of various oigans during convalescence and (2) additional 
factors in therapy which may prevent the various insufficiencies produced by 
major opeiations It is for these reasons that the experiments herein dis- 
cussed were undertaken 


DESCRIPTION OF TYPES OF THERAPY 

DIVISION OF PATIENTS INTO GROUPS — In OUT efforts to determine what tipes of 
therapy might improve the rate of convalescence we divided the patients into a number 
of groups, each of which varied in the type of therapy The first 14 groups listed 
below consisted entirely of patients having herniotomy, most of these patients were 
relatively young men The last two groups consisted of patients having cholecystec- 
tomy All groups not designated as “full diet daily” had no oral feeding the day of 
the operation, and 1/4, 2/4, 3/4 and 4/4 of their diet on the first 4 postoperative days 
respectively 

(I ) Control hospital group — This group of patients was chosen from the surgical 
floor and served to furnish scout data None of these data were utilized in actual com- 
putation of results in the various groups 

(II) Control Experiment Group — In utilizing data described in Group I, we 
decided that the diet for our control patients should contain basal calories plus 20 
per cent, 15 per cent* of which were derived from protein This might be considered 
barely sufficient for maintenance 

(III) "Shotgun” Gioup Supplements** basal diet plus 100 per cent loith 20 
pel cent protein full diet daily, ambulation f — In planning for the treatment of this 
group the objectne was to furnish all factors that might conceivably influence con- 
\alescence favorably The diet consisted of basal calories plus 100 per cent, with 20 
per cent of the calories from protein This diet was served preoperatively in the form 
of meals On the day of operation and on the succeeding postoperative days, until the 
patient was again able to eat, it was given in the form of a tube feeding This insured 
the maintenance of the nutrition at a constant level 

* The figure designating percentage protein refers to per cent calories, not weight 

** Data on the quantitj of the various supplements will be included in anotlier pub- 
lication in preparation 

T All groups not designated “ambulation” were not ambulated 
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Preoperatively the diet contained the following supplements choline, vitamin B 
complex from yeast, Ascorbic acid. Vitamin A and Vitamin D On the day of sur- 
gerj' and on the four succeeding postoperative days the following supplements were 
given parenterallv V itamm K, Liver extract (2 units to i cc ) , Adrenal cortical ex- 
tract, Testosterone propionate. Thiamine chloride. Riboflavin, Pyndoxine, Calcium 
pantothenate Nicotinamide, Ascorbic acid and Choline 

In addition to the above supplements, methionine and S per cent amigen solution 
m 5 per cent glucose (2000 cc intravenously) were given on the day of surgery This 
group received ambulation Early in the study of this group it was obvious that the 
“Shotgun” group had reacted favorably to the treatment Consequently, the groups de- 
scribed below were set up to analyze the factor or factors responsible for this favorable 
effect 

(IV) Basal Calottes Pins 20 pet cent, 15 pet cent Protein, Spinal Anesthesia — 
This group was maintained m bed without any form of exercise The effect of inhala- 
tion anesthesia was eliminated 

(V) Basal Calottes Plus 20 per cent, 15 per cent Protein, Spinal Anesthesia, 
Modified Ambulation — These patients received push-up, step-up and psychomotor tests 
It IS realized that this program gave the patients a certain amount of ambulation 

(VI ) Basal Calories Pins 20 pet cent, 15 per cent Protein, Ambulation 

(VII ) Basal Calottes Pins 20 per cent, 15 pet cent Protein (Full diet given each 
day, by tube for first fezv postopci ativc days) 

(VIII ) Basal Calorics Plus 20 per cent, 15 per cent Protein, Supplementation — 
The supplements were the same as those described above under “shotgun” group (III) 
except that vitamin K, 4 mg , was administered throughout the hospital stay 

(IX) Basal Calottes Plus 20 per cent, 15 per cent Protein, Metlnomnc Two 
grams of methionine was administered daily from the date of entrance 

(X ) Basal Calories Pins 20 per cent, 15 per cent Protein, No Surgery These 
patients were kept m bed, given the same food, fluid, and sedation as group II but 
herniorrhapy was omitted The patients were quite young, 16 to 17 years of age, 
which suggests that they may not be entirely comparable with the other groups 

(XI) Basal Calories Plus 20 per cent, 40 per cent Protein (Full diet given for 
each day, by tube for first fezv postoperative days) This diet increased rather sharply 
the protein intake It ranged between 182 and 233 Gm with an average value of 
201 grams 

(XII ) Basal Calories Plus 20 per cent, 40 pet cent Protein (Full diet given each 
day, by tube for first fezv postoperative days), Ambulation 

(XIII ) Basal Calories Pins 100 per cent zvith Protein at the Control Level This 
group was planned to test out the effect of excess calories from sources other than 
protein The protein was the same as that in the control diet containing basal calories 
plus 20 per cent Since the calories in the diet were increased, the distribution of the 
constituent factors was altered The diet now derived 10 per cent of its calories from 
protein and 40 per cent from fat On the day of surgery the patients received no 
protein, on the first postoperative day 1/4, second, 2/4, third, 3/4, and fourth, 4/4 of 
the prescribed daily protein 

(XIV ) Basal Color les Plus 40 per cent, 15 per cent Protein This group was 
composed of women having herniotomy who were placed on the regime used in patients 
submitted to cholecystectomy This plan furnished an opportunity to make a com- 
parison of the relative loads of cholecj'-stectomy and herniotomy More specifically, it 
served as a control group for the later studies in alterations m serum proteins found' in 
patients undergoing cholecystectomy 

(XV ) Cholecystectomy, Basal diet plus 40 per cent, 15 per cent Protein, General 
Anesthesia — This group might be considered the control group for cholecystectomy 

(XVI ) Cholecystectomy, Basal diet pins 40 per cent, 15 per cent Protein, 
Spinal Anesthesia This group is the same as XV except that spinal anesthesia was 
used instead of ether anesthesia 


EXPERIMENTAL METHODS 

In the experiments herein discussed, we have limited our study to patients having 
herniotomy or cholecj^stectomy Studies are also being made in other types of opera- 
tions, particularly those in N\hich more operative work is required — (e g gastrectomy) 
However, most of the vork was done on patients having herniotomy because they lend 
themsehes so w’ell to experimental studj% the preoperatne condition of the patient is 
so stabilized, and the amount of operatne work so nearly equal in all cases The nre 
operatne period consisted of 4 to 7 da}s and was devoted to tests on the patients and 
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to stabilization of their diet The control group of patients was allowed out of bed 
on the loth postoperative day and discharged on the 12th day Those in the other 
groups, who did not receive ambulation, were out of bed on the 6th postoperative day 
and were discharged on the 7th day Those who received ambulation were out of 
bed on the ist postoperative day and discharged on the 7th day 

DIETARY MANAGEMENT AND FLUIDS — Large quantities of basic foods were procured, 
analyzed for nitrogen, weighed and placed in a deep freeze unit maintained at minus 
io°F Tube feedings consisted primarily of evaporated milk, skimmed milk powder, 
amigen and dextrose Low protein diet consisted of salad oil (one egg yolk per 200 
cc ) , glucose and water, it containing 3 2 Gm protein and 3020 calories per liter 

Herniotomy — On the day of operation the control herniotomy patients were given 
1000 cc of physiologic saline and 1000 cc of 5 per cent glucose intravenously , nothing 
was given by mouth On the succeeding days they were given 1/4, 1/2, 3/4 and 4/4, 
respectively, of their postoperative diet 

Cholecystectomy — A stomach tube was inserted for decompression, it was re- 
moved at the end of the second postoperative day On the day of the operation the 
cholecystectomy patient received 1000 cc of 5 per cent glucose in physiologic saline 
and 2000 cc of 5 per cent glucose intravenously The same fluids were given on the 
first and second postoperative day except that when the amount of fluid aspirated from 
the stomach exceeded 500 cc per day, an amount of 5 per cent glucose with saline was 
given to equal the excess beyond 500 cc On the third postoperative day the patient 
received 1000 cc of S per cent glucose or physiologic saline intravenously and 600 
calories by mouth The diet was increased 600 calories per day until the patient was 
receiving his preoperative diet, 1 e basal diet plus 40 per cent 

exercise and ambulation — In the group of patients subjected to ambulation we 
added calisthenics similar to those described by Stafford, DeCook and Picard Pre- 
operatively the patients were given calisthenics for 21 minutes each day, divided into 
two periods Postoperatively they were given calisthenics for 20 minutes divided into 
2 periods The “sit-up” exercises which were given preoperatively were omitted post- 
operatively because of the danger of damage to the wound In addition to the 
calisthenics the patient was out of bed each day for a period increasing with each 
postoperative day 

anesthesia — General anesthesia consisted of nitrous oxide and ether adminis- 
tration Tracheal intubation was used uniformly The same preoperative medication 
was utilized in all cases, namely morphine and scopolamine Pontocain was used for 
spinal anesthesia 

TESTS utilized — Innumerable tests were chosen to be earned out on the patients 
but preliminary work proved many of them unsatisfactory for several and varied 
reasons 

Liver function tests — The urobilinogen test, as performed by Watson, proved to 
be one of the most satisfactory tests of liver function The test depends upon the 
quantitative excretion of urobilinogen m the urine, expressed in milligrams excreted 
in 24 hours 

The bronisulphalein test was also effective in determination of the hepatic function 
Five milligrams per kilo of body weight of bromsulphalem were injected intravenously 
and samples of blood drawn at 30 minutes and at 40 minutes The sum of these two 
readings was chosen as the method of arriving at one figure for recording results of 
the tests Postoperative values were expressed in terms of percentage of normal 
preoperative efficiency 

Numerous miscellaneous tests of liver function were used The prothrombin teit 
(Quick) was utilized, and as illustrated later, yielded information of variable value 
The cephahn flocculation test, the htppunc acid test, the galactose tolerance test and 
bilirubin excretion test were used but did not appear satisfactory or adaptable for our 
purpose and were abandoned after preliminary trial The two-dose Evton-Rose glucose 
tolerance test was also utilized but not found adaptable except in the patients sub- 
mitted to cholecystectomy Blood sugar was determined in the fasting state and at the 
end of one-half hour, one hour and two hours after the first dose of glucose 

Metabolic tests — Nitrogen balance studies were earned out on all patients and, as 
has been shown by numerous authors, proved to be of great value The nitrogen in 
the urine and food was determined by the macrokjeldahl method with titration of the 
ammonia In computing the nitrogen balance, it was assumed that the fecal nitrogen 
was equal to 10 per cent of the ingested nitrogen 

Serum total proteins, serum albumin and serum globulin were determined in only 
one group of patients submitted to herniotomy but in both groups submitted to 
cholecystectomy These determinations were made by standard procedures 

Serum total cholesterol and cholesterol esters were determined by using digitonine 
separation technic 
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The determination of 17 -ketosteiotds was carried out after the technic described 
by Robbie and Gibson 

Quantitative tests were performed for creatinine and creahn excretion, but as in- 
dicated later results yielded no significant data 

Cvculatoiy efficiency and muscular fitness — A tilt-table test was carried out on 
several groups of patients The procedure and method for scoring performance will be 
described in a paper soon to be published 

Recently a modification of the fiarimetei and Flack test has been used*' to study 
cardiovascular reserve or function In general, the procedure consists of determining 
the cardiovascular response to an increase in intrapulmonary pressure obtained by hav- 
ing the patient blow against a resistance of a column of mercury, and maintaining this 
pressure for a specified period of time Blowing in this manner exerts pressure on the 
thin-walled superior and inferior vena cavae, and on the pulmonary veins, thus inter- 
fering with the filling of the right and left auricles respectively It would appear that 
this procedure would test the ability of the vascular system to compensate for a re- 
duced cardiac output brought about by obstruction to the flow of blood through the 
vena cavae and pulmonary veins 

All tests were performed one hour or more after breakfast and immediately fol- 
lowing one half-hour of complete bed rest The procedure was carried out with the 
patient in two positions, namely, supine on the tilt-table, and then with the tilt- 
table tilted to an angle of 6o° The apparatus consists of a mouthpiece attached by 
appropriate thick-walled rubber tubing attached to an aneroid manometer possessing 
a large recording dial, which the patient may observe, thus aiding him in maintaining 
the required level of pressure A side tube was introduced into the system, the free 
end of which was filled by a metal disk containing an opening %4 inch in diameter 
This vent for a constant escape of air is necessary to prevent the patient from main- 
taining the pressure with the muscles of his mouth or pharynx 

After obtaining a series of control blood pressure and pulse rate readings in the 
supine position, the patient is instructed to take a very deep inspiration and Wow into 
the system to raise the pressure to the desired level of either 20 or 30 mm Hg In 
each instance the patient continues to blow for 25 seconds Blood pressure readings 
are obtained at the end of 10 and at the end of 20 seconds of blowing, immediately 
after the procedure is terminated, 20 seconds later and, if necessary, i minute later 
Instead of recording pulse rates during the period of blowing and in the period of 
recovery, a more accurate count can be obtained by using Lead II of the electro- 
cardiograph The test is repeated with the patient tilted at an angle of 60“ 

A push-up test was devised to obtain readings following strenuous exercise of the 
upper extremities which would not endanger the abdominal wound A weight lifting 
apparatus on a frame was designed to fit over the bed so that the patient could lie on 
his back and push up two weights of 20 pounds each The weights were raised at the 
rate of 30 times per minute for two minutes In scoring the test the resting pulse rate 
was compared with the pulse rate obtained at 5 second intervals for 3 minutes, starting 
5 seconds after the end of the test The difference between the resting pulse rate and 
the rate obtained between the interval of 5 to 35 seconds and 60 to 90 seconds was 
recorded as the result of the test The apparatus could be used as a form of ambula- 
tion, or as a test for circulatory efficiency When used as a test, it was applied three 
or four times preoperatively, on the first postoperative day and continued on suc- 
ceeding days 

The flarimeter test was performed on a few groups of patients The patient took 
thtee long preliminary inspirations and expirations He then inspired maximally and 
at the 4th expiration maintained an expiratory pressure of 40 mm mercury as long as 
possible This is a different test than the modified flarimeter-Flack test previousl}' 
described 

^ The vital capacity was determined by a Collins Spirometer on a few groups of 
patients 

The strength of hand grip was determined by the Smedley hand dynamometer 
The highest of four trials given at 30 second intervals was used as the maximum 
Endurance ^ time was also determined with the dynamometer This represented the 
length of time the patient could maintain a grip equal to 40 per cent of the maximum 
strength of the hand grip ’ 

Psychomotor tests— Tests including steadiness of hand, speed of tapping simple 
choice reaction time and coordination time were done on many patients with herniot 
omy, but since the results were insignificant the test s were discarded early m our 

* Tests modified by Dr David Abramson, who has recently joined our group study- 
ing convalescence 
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studies For a time we utilized the critical fusion frequency of flicker test as a measure 
of determining fatigue of the retino-cortical system Results of this test were likewise 
of no statistical significance 

STATISTICAL ANALYSIS — All data wcre submitted to a statistical analysis Wher- 
ever the term “significant” is used in the text, it is applied in the statistical sense 

RESULTS 

LIVER FUNCTION TLSTS — Of the iiumerous liver function tests used in our studies, the 
urobilinogen and bromsulphalem tests were of the most value 

Uiobihiiogcii Test — The a^erage preoperative value for 92 patients with hernias was 
I 61 mg for 24 hours Only 2 had a preoperative value of more than 4 mg The aver- 
age preoperative level m 10 patients with cholecystitis was i 19 mg We found that the 
postoperative level was influenced sharply by the preoperative level It therefore ap- 
peared most accurate to express the postoperative urobilinogen excretion in terms of a 
percentage efficiency based upon the pi eoperativ'e value , the figure was obtained bv 
dividing the preoperative value by the postoperative value and multiplying by 100 The 
values of the first 5 postoperative days were averaged to obtain the individual score The 
V'alues of all the patients in each group were averaged to giv^e a numerical value for the 
group 

In the groups having ambulation or a high percentage of protein in their diet the 
postoperative excretion of urobilinogen reniamcd at levels considered to be within normal 
limits or near normal Table I rev'eals that the best score in the hernia patients was made 
by the “shotgun” group, which had received numerous supplements and a basal diet plus 
100 per cent with 20 per cent protein The percentage efficiency in this group was 109 
compared to 60 in the control group operated on for herniotomy without any special 
therapy 


Table I 

Scores and ranks of the groups of patients with herniotomj based upon postoperative values evprcssed as 
percentage of preoperative values for urobilinogen bromsulphalem and tilt table and upon nitrogen balance 

in grams over a period of sit daj s 


Group 

No 

of 


No 

Pts 

Management 

XII 

5 

B-l-20% 40% protein, ambula- 

tion, tube fed* 

III 

5 

Shot gun B -1-100% 20% pro 
tein , tube fed , supplements , ambu 
lation 

VI 

7 

B-l-20% 15% protein, ambulation 

XI 

7 

B-l-20% 40% protein, tube fed* 

VII 

6 

B+20% 15% protein, tube fed* 

IV 

6 

B4-20% 15% protein, spinal an- 
esthesia 

XIV 

( 

B -1-40% 15% protein, gallbladder 
post-operative regime 

VIII 

7 

B-l-20% 15% protein, supple- 

mentation 

IX 

4 

B -1-20% 15% protein, methionine 

XIII 

3 

B -1-100% 10% protein, tube fed* 

II 

10 

Control B-l-20% 15% protein 

I 

22 

Control on hospital diet* 

V 

7 

B-}-20% 15% protein, spinal an- 
esthesia, modified ambulationt 


Urobilin 

Bromsulph 

20 Minute 

6-Day 


ogen 

alem 

Tilt Table 

Nitrogen 


Excretion 

Retention 

Response 

Balance 

Final 

(Rank) 

(Rank) 

(Rank) 

(Rank) 

(Rank) 

86 (3) 

89(1) 

103 (3) 

19 4 (1) 

1 


109(1) 

66(4) 

123 (2) 

10 2 (2) 

2 

61 ( 614 ) 

68 (3) 

129(1) 

-21 3(7) 

3 

96 (2) 

54 (9) 

84 (4) 

7 6(3) 

4 

61 (6)y: 

66 (4) 

80 (5) 

-13 8(4) 

5 

86 (3) 

74 (2) 

71 (9) 

-31 3 (10) 

6 

60 (8) 

47 (10) 

73 (7H) 

-16 2 (5) 

7y< 

64(5) 

63 (6) 

54 (10) 

-29 8 (9) 

7K 

40 (10) 

61(7) 

78(6) 

-24 3 (8) 

9 

29 (11) 

40(11) 

73 OH) 

-17 5(6) 

10 

60 (8) 

<n 

60(8) 

50(11) 

-31 4(10) 

11 


69 

104 65 


The figures m parenthesis after each column represents rank of efficiencj of treatment m that group as 
compared to others 

B =Basal diet * Tube fed =A full diet was given every day (by stomach tube for first 4 postoperative 
days) including day of operation t Not included in ranking 
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In the 5 patients having cholecystectomy which were used as controls (ether anes- 
thesia) the efficiency score w'as only 48 compared to an average of 6o in the hernia con- 
trols, thus indicating a greater load in cholecystectomy than in herniotomy, in this small 
series of gallbladder patients, those operated on wuth spinal anesthesia show'ed less hepatic 
impairment than patients given ether 

In Table II designed to show the effect of complications on urobilinogen excretion, 
tlie figures are expressed in mg per 24 hours, but not all groups are included Under each 
complication is gnen the average for the group in w'hich the patient with the complication 


Table 11 


Urobilinogen E\cretion in Mg Per 24 Hours in Patients with Complications 


Complication 


Postoperati\ e Day 

Preoperatii e 

A\ erage (Mg ) 1 2 3 4 S 


Stitch abscess 

1 

9 

4 

5 

14 

9 

36 

4 

45 

7 

27 

8 

Control group IX* 

1 

4 

2 

9 

10 

1 

9 

5 

5 

8 

3 

4 

Wound infection 

1 

2 

3 

1 

40 

7 

44 

0 

90 

2 

9 

7 

Control group III* 

1 

1 

0 

9 

1 

2 

2 

2 

2 

3 

1 

8 

Pneumonia 

1 

1 

19 

3 

17 

0 

6 

7 

3 

3 

2 

4 

Control group XI* 

2 

3 

3 

5 

4 

8 

3 

5 

2 

7 

2 

6 

Melectasis pneumonitis 

6 

7 

15 

4 

18 

6 

2 

8 

2 

1 

1 

5 

Control group II* 

2 

6 

3 

9 

4 

6 

S 

5 

6 

3 

4 

7 

Ci stitis 

1 

S 

1 

4 

5 

9 

16 

7 

8 

2 



Control group IX* 

1 

4 

2 

9 

10 

1 

9 

5 

5 

8 

3 

4 

Coronarj thrombosis 

1 

9 

1 

6 

6 

3 

6 

2 

9 

1 

9 

4 

Control group VIII* 

1 

3 

2 

1 

2 

5 

3 

0 

2 

6 

2 

4 


* Other members of same diet group who suffered no complications 


was originally placed The marked increase in urinary excretion of urobilinogen in pa- 
tients with complications is striking These results suggest that although the operation 
Itself inflicts a definite load upon the liver, most postoperative complications inflict still a 
greater load The marked impairment in complications suggests that the test is a valuable 
index of hepatic efficiency 

Another reason for considering the urobilinogen test an efficient one is the fact that 
the excretion remained above normal for 6 to 8 days postoperatively The maximum 
w'as usuallj noted on the 2nd postoperative da}" Improvement was gradual until the 
normal figure was regained 

Bromsiilphalcin Test — Tests w"ere run tw"0 times preoperatively and on the first, third 
and fifth postoperative days Postoperative values w'ere expressed in terms of percentage 
of normal preoperative efficiency 

Postoperative retention returned to normal by the fourth or fifth day contrasted to 
the presistence of abnormal excretion of urobilinogen for 6 to 8 days postoperatively 

As w"as revealed b}" the urobilinogen test, ambulation and a diet wnth a high protein 
content reduced the postoperative impairment to a very low" figure 


Tvble III 

Urobilinogen E\cretion in Control Patients Having Operation (Group II) Compared 
to Excretion in Patients Put Through Same Regime Without Operation (Group X) 

Preoperative Per Cent of 
Postoperativ e Value 




A-v Pre-Op 


Davs of Postoperative Regime 

Group 


Excretion in 






Number 

Management 

Mg Per 24 Hrs 

1 

2 

3 

4 

5 6 

II 

Control 

2 59 

77 

75 

45 

48 

57 100 


Basal diet 4-20% 

(■Vv of 10 pts ) 







15% protein 







X 

Basal diet +20% 

69 

12 

9 

13 

75 

65 


15% protein 

86 

34 

44 

56 

506 

261 


Sedation 

‘,1 02 

19 

76 





No operation (4 patients) \ 72 

24 

28 
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Table IV 

Nitrogen Balance (in Grams) in Patients With Complications (Including the Day of 
Operation and 5 Succeeding Days) 

Preoperative Postoperative 


Complication 

Patient 

Control* 

Patient 

Control* 

Stitch abscess 

-2 78 

-1-2 80 

-71 50 

-24 29 

Wound infection 

-{-9 72 

-1-4 16 

-30 09 

-1-10 24 

Pneumonia 

-1-3 S7 

-1-5 55 

- 9 79 

-1- 7 62 

Atelectasis 

-2 49 

-2 30 

-49 86 

-31 44 

Cystitis 

-0 85 

-1-2 80 

-39 57 

-22 75 

Coronary thrombosis 

-0 55 

-1 46 

-25 30 

-29 81 


* Other members of same diet group who suffered no complications 


Table I reveals the best score m Group XII (Basal diet plus 20 per cent, 40 per cent 
protein and ambulation) The score in this group was 89 per cent of the preoperative 
efficiency as compared to 60 per cent in the control group (II) The fact that the degree 
of change m postoperative figures over preoperative figures was much less pronounced 
than with the urobilinogen test suggests that the urobilinogen test is superior to the 
bromsulphalem test as an indication of hepatic function As m the urobilinogen test, 
there was a decrease in efficiency of liver function in patients with complications, but the 
degree of inefficiency was much more marked in the urobilinogen test 

Miscellaneous Tests of Liver Fuuchon — The prothrombin test in herniotomies re- 
vealed little positive information except a slightly greater tendency to remain nearer 
normal in patients having spinal anesthesia than 111 those having nitrous oxide and ether 
The Exton-Rose glucose tolei anee test revealed higher blood sugar curves postoperatively 
than preoperatively but there was little difference between the two groups in which it 
was used , the test was therefore considered to be of only slight value in our experiments 
The htppunc acid test, cephahn flocculation test, excietion tune for bilirubin, and the 
galactose toleiance test were used but ivere abandoned as not being as suitable or reliable 
as the urobilinogen and bromsulphalem tests 

METABOLIC TESTS — Of the various tests in this group the most significant results were 
obtained m those dealing directly with the metabolism of proteins 

Nitrogen balance studies — Analysis of figures on nitrogen balance reveal one major 
fact, namely that regardless of the procedures utilized to abolish decrements, a negative 
balance cannot be averted unless the patient is getting a certain amount of protein It is 
admitted, however, that a high carbohydrate or fat diet will have a tendency to spare 
protein 

In Table V, the data showing the effect of ambulation and slight deviation in diet 
on nitrogen balance is summarized In Category A, the diet, basal plus 20 per cent with 
IS per cent protein, was carried out without deviation in the group which was not 
ambulated, as well as in the ambulated group In the former group the nitrogen loss for 
the 6-day postoperative period was 31 4 Gm compared to a loss of 21 3 Gm for the 
latter group, indicating that ambulation actually tends to decrease the nitrogen loss The 
favorable effect is further substantiated by Category B containing 2 groups placed on 
identical diets, 1 e basal diet plus 20 per cent with 40 per cent protein The first group 
was not ambulated, the second group was ambulated The nitrogen gam was greater 
in the ambulated group, being 194 Gm for the 6-day period, compared to 76 Gm for 
the non-ambulated group In another series, designated as Category C, in which the diet 
was basal plus 20 per cent with 15 per cent protein for each group, a comparison is not 
valid because the ambulated group (VI) received only a partial diet during the first 4 
postoperative days , this data merely indicates that ambulation is no substitute for protein 
or food Analysis of the other two groups illustrated in Table V indicate quite clearly 
that ambulation tends to decrease nitrogen loss 
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A comparison of the figures on nitrogen balance between groups IV and II in Table I 
indicates that spinal anesthesia has no sparing effect on nitiogen Each group had the 
same diet, all therapy being the same except tliat Group IV had spinal anesthesia while i 
Gioup II had gas-ether anesthesia The nitrogen loss was identical, being 313 and 314 
Gm respectively for the 6-day period This conclusion is substantiated by the two group 
studies in patients having cholecystectomy Each of the 2 groups had the same diet 


Table V 


Effect of Ambulation and Slight Deviation of Diet on Nitrogen Balance 


Category 

Diet 


6 Day 

Nitrogen Balance 

A 

Basal diet +20% 

f (Group II( No ambulation 

-31 4 Gm 


15% protein 

Partial diet 

1 

[ (Group VI) ambulation 

-21 3 Gm 

B 

First 4 P 0 days 

Basal diet 4-20% 

' (Group XI) no ambulation 

7 6 Gm 


40% protein 

Full diet daily 

[ (Group XII) ambulation 

19 4 Gm 

C 

Basal diet -f20% 

f (Group VII) no ambulation 

Full diet daily 

-13 8Gm 


15% Protein 

1 (Group VI) ambulation 

-21 3 Gm 



[ Partial diet first 3 P 0 days 



(namely basal plus 40 per cent with 15 per cent protein) and all other factors equal 
except that one had spinal and the other gas-ether anesthesia The nitrogen loss in the 
two groups was almost identical, being 31 i and 29 o Gm respectively for the 6-day period 
Serum total protein, albumin and globulin — Realizing that an herniotomy was prob- 
ably not a sufficient operative load to produce a decrease m serum proteins, we analyzed 
the blood for protein m only one group of hernia patients, namely those having a basal 
diet plus 40 per cent, 15 per cent protein (Group XIV) The postoperative decline in 
serum albumin and total protein was of statistical significance on the third day (see 
Table IV), but was only 13 and 9 per cent respectively below the preoperative level 

However, following cholecystectomy the reduction was of definite statistical and 
clinical significance (see Table VI) In the group having ether anesthesia, the serum 
albumin declined gradually until by the iith day the value was only 75 percent of the 
preoperative figure The reduction in this group was definitely greater than in the group 


Table VI 


Postoperative Changes m Serum Total Protein Albumin and Globulin, Expressed in 
Percentage of Preoperative Level of Patients Submitted to Cholecystectomy and 

Herniotomy 


Percent Pre-Op Level 
Postoperative Day 

Group Preoperative Avg 


Number 

Management 

in 

Gm /lOO cc 


3 

5 

7 

11 

XV 

Basal diet -f-40% 

Total 

Protein 

6 

47 

92 


90 

89 

Chole- 

15% protein 


Albumin 

3 

87 

84 


78 

75 

cystectomy 

Ether anes 


Globulin 

2 

60 

105 


106 

107 

XVI 

Basal diet -1-40% 

Total 

Protein 

6 

59 

91 

92 

95 

97 

Chole- 

15% protein 


Albumin 

4 

14 

82 

82 

87 

91 

cystectomy 

Spinal anes 


Globulin 

2 

45 

106 

no 

no 

107 

XIV 

Basal diet 4-40% 

Total 

Protein 

6 

75 

91 

93 



Herniotomy 

15% protein 


Albumin 

4 

26 

87 

89 




Gallbladder 


Globulin 

2 

49 

98 

98 




postoperative regime 
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having spinal anesthesia In the latter group, there was a tendency toward an earlj 
recovery, by the iith postoperatn e day the value had risen to 91 per cent of the pre- 
operative level In the former group recovery was slow, several weeks elapsing before the 
preopeiative level was reached The data indicate that ether anesthesia had a greater 
detrimental effect on blood protein than spinal anesthesia 

In each group the globulin content rose slightly but not significantlj , showing a 
slight tendency toward an A/G reversal, these findings support previous data re\eahng 
hepatic damage inflicted by operation 

Scrum total cholesterol and cholesterol esters — Cholesterol determinations were made 
in one group of patients haMng herniotonij’', namely Group XIV, which had basal diet 
plus 40 per cent, 15 per cent protein, with no supplements The values for total cholesterol 

Table VII 


Changes of Total Cholesterol Cholesterol Esters and Percent Cholesterol Esters in Patients Submitted to 

Cholecjstectomy and Hemiorrhaphj 

Postoperative Average Day 


Group 


Preoperativ e Av emge 





Number 

Management 

in mg /lOO cc 

3 

5 

7 

11 

XV 

Cholecystectomy 

Total cholesterol 254 

193 


213 

229 


Basal diet -^40% 

Cholesteiol esters 199 

103 


145 

191 


15% protein 

Ether anesthesia 

% cholesterol esters 78 5 

53 4 


68 1 

83 4 

\VI 

Cholecystectomj 

Total cholesterol 265 

202 

212 

212 

200 


Basal diet -1-40% 

Cholesterol esters 212 

162 

165 

178 

171 


15% protein 

Spinal anesthesia 

% cholesterol esters 79 3 

80 2 

77 8 

84 0 

85 5 

XIV 

Herniotomy 

Total cholesterol 246 

224 

238 




Basal diet -1-40% 

Cholesterol esters 216 

185 

208 




15% protein 

% cholesterol esters 87 8 

82 6 

87 4 




and cholesterol esters were significanth lower only on the third postoperatn e day (see 
fable VII) 

In the patients having cholecystectomj there was a definite decline in the total 
cholesterol and cholesterol esters in both groups w'hich w'ere treated the same except for 
ether anesthesia in one group and spinal in the other The difference between the read- 
ings of the two groups was too slight to be of statistical significance except that the 
spinal anesthesia group show^ed definitely less decrease in per cent cholesterol esters on 
the third postoperative day (P = ooo8) and probably less on the seventh postoperative 
day 

Miscellaneous metabolic tests — Studies on the excretion of IT-ketosteroids were made 
on Groups II, III and V of the herniotomy series There was considerable individual 
variation and a wide daily fluctuation Changes of statistical significance occurred, but 
they appeared to have little if any clinical significance Thus Group V showed a definite 
decrease on the day of operation and on the first postoperative day (P = 00005 and 
P = o 0168, respectively) The significance of the difference disappeared by the second 
postoperative day On the other hand, in Group III, which received daily intramuscular 
injections of 10 mg testosterone proprionate in oil, there was no true difference between 
the preoperative value and that on the day of operation 

Studies were made in creatine ercietion in groups I, II, III and V of the herniotomy 
series Differences of statistical significance were revealed but no clinical value could be 
attributed to the results except that the preoperative excretion in Group III, which re- 
ceived large quantities of protein, is definitely higher than in Group I, and insignificantly 
higher than in Group II In all groups except Group III the postoperative excretion was 
decreased compared to the preoperative level, but only on the day of surgery and the first 
postoperative daj 
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In Groups II, IV and V of the herniotomy series, studies were carried out on acati- 
nine exctciion No changes of statistical significance were detected except for an increase 
in the creatinine coefficients in Group III on the first postoperative day 

TESTS FOR CIRCULATORS EFFiciLNCY AND MUSCULAR FiTXFSs — In this Study of post- 
operative convalescence we have been limited in our choice of tests because many of them 
previously demonstrated by other investigation to be of value in studying convalescence 
were too strenuous to apply to patients with fresh operative wounds of the abdomen 

Tilt-Table Test — This test has been used by numerous investigators m studies on 
physical fitness and has yielded valuable information on the effect of posture (pooling of 
blood) on blood pressure and pulse Since the test is designed to show the effect of 
blood pooling on blood pressure and pulse, it presumably should test primarily the effi- 
ciency of circulatory functions A new method of converting the readings obtained into 
one score for the patient will be published elsewhere Conversion of the numerous read- 
ings into one score was essential if patients in one group are to be compared to patients 
in another group 

In the herniotomy patients, the three groups which were ambulated (Groups VI, III 
and XII) had the best tilt-table scores (see Table I) having a rank of i, 2 and 3 re- 
spectively m the II groups having tilt-table tests The beneficial effect of ambulation can 
be proved by comparison of the three groups mentioned with other groups not receiving 
ambulation or with other groups not receiving ambulation but receiving more calories 
For example Group VII (not ambulated) received more food than Group VI (during the 
first 4 postoperative days only) but had a tilt-table rank of 5 compared to a rank of i 
for'Group VI which was ambulated Group XI which was not ambulated had a tilt-table 
rank of 4, compared to a rank of 3 for group XII which was ambulated, except for 
ambulation, treatment was identical in these two groups 

In the patients having cholecystectomy, there was no significant difference between 
the two groups (XV and XVI) which differed only in the fact that ether anesthesia was 
used in one group and spinal in the other 

Modified flarimetcr and Flack Test — With few exceptions, the systolic blood pres- 
sure preoperativejy dropped 10 to 20 mm after 25 seconds of blowing against a pres- 
sure of 20 or 30 mm of mercury, but at the end of the blowing period there was a 
sharp rise in pressure varying from 38 to 73 mm The rise was greater when the pa- 
tient was blowing against 30 mm mercury, and when he was tested m a tilted position 
(1 e on the tilt- table) 

As in most other tests, the postoperative performance was compared to results obtained 
preopera tively 

In 15 patients tested the reaction following blowing against 20 mm of mercury in 
the horizontal position had returned to normal in only one patient by the 3rd postoperative 
day All patients in this category showed a normal response by the 8th or loth day 

Six patients were tested in the tilted position, blowing against 20 mm of mercury 
On the 3rd postoperative day the readings were normal on none of the patients By the 
loth postoperative day the readings on five had returned to normal, the response in one 
patient remained abnormal until the 20th day 

The response to blowing against 30 mm of mercury was similar to that just de- 
scribed except that some of the patients were unable to perform the test on the 3rd post- 
operative day The delay in return to normal was slightly greater in this group, by 
the nth day the response in two was still abnormal 

Push-up test — This test was used in four groups of patients having herniotomy 
There was a remarkable consistency m the pulse rate 5 to 35 seconds and 60 to go seconds 
after termination of the test in all groups preoperatively , the pulse rate was elevated 19 
and II or 12 beats per minute in the two periods respectively (See Table VIII) Post- 
operatively there was fair uniformity in Groups XII, VI and III, ah of which were 
ambulated, the smallest increase in pulse rate ivas noted in Group XII which was 
ambulated and rcceiied a diet in which 40 per cent of the calories were derived from 

603 



COLE, KEETON, CALLOWAY, GLICKMAN, MITCHELL, et al 


Annals of Surgery 
October 1947 


Table VIII 

Push-Up Test The Per Minute Difference Between the Resting (Recumbent) Pulse Rate at 5 to 35 Seconds 
and 60 to 90 Seconds After the Test The Test Required the Patient to Elevate Weights of 40 Pounds a Distance 
of 1 Foot 30 Times Per Minute for 2 Minutes All Groups Listed Are in Patients Having Herniotomy 

Postoperative Average 


Preoperative Average 1st Day 


2nd Day 


Resting Resting Resting 

Pulse 5-35 60-90 Pulse 5-35 60-90 Pulse 5-35 60-90 


Number Management 

Rate 

Seconds Seconds 

Rate 

Seconds Seconds 

Rate 

Seconds Seconds 

XII 

B+20% 40% protein tube 
fed ambulation 

66 

+19 

+12 

87 

+14 

+ 7 

76 

+15 

+ 6 

VI 

B-t-20% 15% protein am- 
bulation 

63 

+19 

+12 

68 

+ 18 

+ 7 

66 

+ 18 

+ 9 

HI 

Shot-Gun B-H00%, 20% 
protein tube fed supple- 
ments and ambulation 

78 

+19 

+11 

98 

+ 19 

+ 13 

93 

+13 

+ 8 

V 

B-)-20% 15% protein spinal 
anesthesia, no ambulation 
but mild exercise wnth cer- 
tain tests 

70 

+19 

+11 

74 

+28 

+19 

67 

+29 

+15 


protein In Group V which was not ambulated, the average rise in pulse rate on the first 
postoperative day was 28 and 19 for the two periods compared to 19 and ii for the 
preoperative figures These data show a tendency toward a greater degree of tachycardia 
following exercise with the push-up test, when the patient was not ambulated, and re- 
ceived a low protein diet The test was not used with patients with cholecystectomy 

In the push-up test as well as several others herein described, we are relying upon 
the response of the heart rate to exercise as being an index of physical fitness Taylor and 
Brozek^® remark that "tlie heart rate after a standard amount of work is probably the 
most useful single criterion of fitness m the study of convalescence” Unfortunately we 
know little about the physiologic mechanisms giving rise to the increase in pulse rate, 
but until these factors are known valuable data may nevertheless be discovered concerning 
methods of measuring and improving physical fitness 

Stair Climbing Test — This test was used in three groups of patients with herniotomy, 
namely XII, VI and XIII as indicated in Table IX As might be expected, the results were 
similar to those obtained in the push-up test The best results were obtained in the group 
of patients with ambulation, and 40 per cent protein in their diet The poorest results 
were obtained in the non-ambulated group which had only 10 per cent of tlieir calories 
from protein, although the total calories represented basal diet plus 100 per cent 


Table IX 

Stair Climbing Test The Per Minute Differences Between Resting (Sitting) Pulse Rate and the Pulse Rate 
at 5 to 35 Seconds and 60 to 90 Seconds After Test The test Required The Patients to Climb Two Flights of 
Stairs (44 Steps 654 Inches Each) in 35 Seconds 

Postoperative A\ erage 


Preoperative Average 2nd Day 


3rd Day 


Resting Resting Resting 


Group 

Pulse 

5-35 

60-90 

Pulse 

5-35 

60-90 

Pulse 

S-3S 

60-90 

Number Management 

XH B+20% 40% protein tube 

Rate 

Seconds Seconds 

Rate 

Seconds 

Seconds 

Rate 

Seconds Seconds 

fed Ambulation 

VI B+20% 15% protein am- 

77 

+25 

-2 

90 

+23 

-3 

82 

+23 

-9 

bulation 

XIII B+100% 10% protein, no 

76 

+33 

+5 

87 

+42 

+ 7 

81 

+38 

+1 

bulation except with test 
Minus indicates less than resting 

90 

+28 

0 

103 

+33 

+ 6 

96 

+33 

+7 
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Stcp-iip Test — This test is not considered satisfactory for use in postoperative con- 
valescence because of the severe strain inflicted on an abdominal wound by rapidly step- 
ping up and down However, it was used in three groups of patients having herniotomy, 
although the test W’as not used postoperative!}' until the 7th or iith day The control 
group (non-ambulated basal diet plus 20, 15 per cent protein) show'ed a greater increase 
in pulse rate than the shot-gun group (ambulation, supplements, basal diet plus 100 
per cent, 20 per cent protein) , it show'ed a less pronounced increase m pulse rate than 
the group having basal diet plus 20 per cent, 15 per cent protein, spinal anesthesia and 
only slight ambulation 

Change in Body JJ' eight — It is agreed that change 111 body w'eight is a very crude 
expression of physical condition, but the degree of shift m either direction may be a 
fairly accurate index of the efficiency of a certain regime when other factors remain 
constant Unfortunately, the w'eight figures for our control group (II) are not available 
but Group IV IS identical except that spinal anesthesia w'as used instead of ether The 
W'eight loss in this group w'as 0 338 kg per day for the 6 postoperative days, representing 
tne greatest w'eight loss of all groups studied (See Table X ) The smallest w'eight 


Table X 

Average Weight Loss From Day of Operation to Day of Discharge From Hospital (6 to 8 Days) 

Group Average Daily 

Number Management Weight Loss (Kg ) 

III ‘ Shot-Gun basal diet -1-100% 20% protein Supplements Ambu- 

lation 0 033 

VI Basal diet 4-20% 15% protein ambulation 0 126 

XII Basal diet 4-20% 40% protein Tube fed Ambulation 0 133 

VII Basal diet -1-20% 15% protein Tube fed 0 185 

VIII Basal diet 4-20% 15% protein supplementation 0 227 

XI Basal diet -1-20% 40% protein tube fed 0 306 

IV Basal diet 4-20% 15% protein Spinal anesthesia 0 338 

loss W'as 0033 kg per day, occurring in the shot-gun group (basal diet plus loo per cent 
20 per cent protein, supplements and ambulation), w'hich received high caloric intake and 
ambulation 

Groups XI and XII received the same treatment throughout except that the latter 
group W'as ambulated and the former w'as not , the weight loss m the ambulated group 
averaged onlv 0 133 kg per day w'hereas the loss in the non-ambulated group w'as 0 306 
kg per day Some of the other comparisons in Table X are not quite so decisive^ but 
there is little doubt but w'hat ambulation minimizes w'eight loss postoperatively 

Miscellaneous Tests for Cii culatoi y Efficiency 01 Physical Fitness — Vital Capacity 
W'as determined preoperatively and on the 7th and iith postoperative days in three groups 
of patients having herniotomy but no significant difference w'as detected in the preopera- 
tne and postoperative figures The Strength of Hand Gup and Endinance Time using 
the Smedley dynamometer w’as performed in several groups of patients having herniotomy 
but no significant difference w'as detected preoperatively and postoperatively, m patients 
w'lth cholecystectomy there w'as a slight decrement in strength of hand grip and endurance, 
but it was so slight that the test was considered of little value The unmodified 
Flaumeter test revealed little information except a poorer postoperative performance in 
the older patients and in several instances dizziness occurred w'hich was not apparent 
preoperatively 

PSYCHOMETER TEST — Early in our investigation it became apparent that such tests as 
steadiness of hand, speed of tapping, simple choice reaction time and coordination time 
w'ere of little or no value, consequent!} the} were abandoned 

RENAL TESTS— Various renal tests, such as the phenolsulphonphthalein test, urea 
clearance, and specific gravit} were conducted on numerous patients with herniotomy but 
since the} revealed very little difference between preoperative and postoperative findings, 
the} were discontinued earl} , other tests might be of value 
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EVALUATION OF PROTECTIVE MEASURES USED — Effect of Ainbulatiou — Ambulation ap- 
peals to have a definitely beneficial effect on the nitrogen balance as illustrated in Table V 
and previously discussed For example, m two groups of patients having herniotom} 
who had the same diet (bare maintenance) and treatment except for ambulation, the 
group having ambulation had a smaller negatue nitrogen balance than tlie group not 
ambulated When the diet was increased and all other factors kept the same, the group 
of ambulated patients had a greater positive balance than the nonambulated group How- 
ever, ambulation is unable to maintain nitrogen balance if the dietary intake is lowered 
significantly For example Groups VI (ambulation) and VII (no ambulation) were given 
a basal diet plus 20 per cent, with 15 per cent protein, the former was ambulated and 
the latter was not The only difference in the dietary intake was during the first 4 
postoperative days, during which time the ambulated group received only intravenous 
alimentation on the day of operation and 1/4, 1/2, 3/4 and 4/4 diet during 4 postopera- 
tive days respectively, whereas the nonambulated group received a full dietary intake (by 
tube) each day The negative balance was 13 8 Gm for the 6-day period m the non- 
ambulated group (VII) compared to 213 Gm in the ambulated group (VI), thus in- 
dicating the importance of adequate food (See Table V ) 

As indicated m Table I, the scores m the tilt-table test show a much better per- 
formance m the ambulated patients 

The results of the push-up tests are also slightly suggestive that ambulation during 
postoperative convalescence improves the cardiac or cardio-muscular reserve In this 
senes (see Tiable III) the non-ambulated (modified ambulation) group showed a greater 
postoperative increase m pulse rate after exercise than did any of the other three groups 
which were ambulated 

Ambulation appears to exert a definite effect on conservation of weight postopera- 
tively, particularly when food intake and protein content are adequate or nearly so When 
the figures on effect of ambulation and other factors as related to weight loss are sub- 
mitted to actual statistical analysis it appears that ambulation is more important than 
high intake of food or protein individually or collectively, in maintaining postoperative 
weight of patients having herniotom}' (See Table X) 

Considering the arrangements of groups it is difficult to draw conclusions as to the 
effect of ambulation on liver function However, it is obvious that the effect is not very 
significant, hepatic impairment may be slightly reduced For example. Group VI and 
Group II (See Table I) were treated the same except that Group VI was ambulated 
In this group the urobilinogen excretion was 61 per cent of normal compared to 60 
per cent of normal m the non-ambulated group 

EFFECT OF TYPE OF ANESTHESIA — ^The amount of urobilmogen excreted postoperatively 
IS definitely greater after ether anesthesia than after spinal For example Group II 
(control) and Group IV had exactly the same treatment (see Table I) except that the 
former group had ether and the latter group had spinal anesthesia for their operation 
(herniotomy) In the control patients the average daily postoperative excretion had in- 
creased to a point where the preoperative level was only 60 per cent of the postoperative 
level, whereas the increase in excretion in the spinal group was definitely less, 1 e the 
preoperative level was 86 per cent of the postoperative level Group V was treated the 
same as Group IV except that the former had modified ambulation There was no in- 
crease postoperatively in this group (IV) over the preoperative level, indicating that 
spinal anesthesia and modified ambulation together had completely abolished the decrement 
in liver function 

However a study of figures on bromsulphalein excretion, nitrogen balance and tilt 
table response reveals no significant difference m the effect of ether anesthesia as com- 
pared to spinal in herniotomies 

In cholecystectomy the hepatic impairment after operation was greater than after 
herniotomy but the difference between patients having ether and those having spinal anes- 
thesia was not of statistical significance 
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EFFECT or HIGH PROTEIN DIET — Group VII and Group XI are suitable for this study 
111 so far as all factors were the same except that the diet in the former group contained 
15 per cent protein compared to 40 per cent m the latter Judged by the urobilinogen test, 
the postoperative hepatic insufficiency was significantly less in patients receiving high 
protein diet From the standpoint of figures alone (Table I) the bromsulphalein test 
indicates less hepatic insufficiency m the group of patients having only 15 per cent protein , 
however, when the figures are subjected to statistical analysis no significant difference can 
be demonstrated The push-up test and the stalr-climbing test (particularly the latter) 
show a distinctly better performance in the patients with 40 per cent intake of protein 
(Group XII) compared to that in patients with 15 per cent protein intake (Group VI) 
However, there is a second difference m the treatment of the two groups, namely, the fact 
that the patients with high protein intake also had maintenance of full diet during the first 
4 postoperative days, whereas the patients with 15 per cent protein had no tube feeding 
on the day of operation, and 1/4, 1/2 and 3/4 diet for the first 3 postoperative days 
respectively However, it should be stated that after several days all groups are back to 
normal 

There was a positive nitrogen balance of 96 Gm (for a 6-day period) in patients 
receiving a diet with 40 per cent protein compared to a loss of 13 6 Gm m the patients 
receiving a diet with 15 per cent protein The tilt-table test revealed no significant dif- 
ference between the two groups 

EFFECT OF HIGH CALORIC INTAKE — To determine the efficiency of high caloric intake 
in elimination of decrements, postoperatively, the best comparison is between Groups VII 
and XIII, since both groups were tube fed a diet containing the same number of grams 
of protein per gram of body weight, the difference in the treatment of the two groups 
IS the fact that the total dietary intake in Group VH was basal plus 20 per cent, com- 
pared to a diet equal to basal plus 100 per cent m XIII, the increase m calories in 
Group XIII was derived solely from carbohydrates and fat The performance of the 
patients m Group XIII was inferior to that of Group VII in all of the four major tests 
(See Table I) This indicates that a food intake as high as 100 per cent above basal 
requirements is distinctly detrimental, at least if the actual amount of protein per kg 
of body weight remains the same We have no explanation for this phenomenon except 
that the increase in amount of fat might be considered very deleterious Other experi- 
ments indicate that if the percentage of protein is increased, performance is improved by 
increasing caloric intake 

EFFECT OF MAINTAINING FULL DIET DURING THE EARLY POSTOPERATIVE PERIOD — Since 

the conventional dietary management of patients with abdominal operations consists of no 
oral feeding on the day of operation and perhaps 1/4, 2/4, 3/4 and 4/4 diet for the first 
4 postoperative days respectively, we conducted numerous experiments with this diet, 
comparing results with patients having a full diet (by tube) during this period 

A comparison between Group VII and Group II yields data on the value of full diet 
during the early postoperative period since each group had the same treatment and diet 
(basal plus 20 per cent, 15 per cent protein) except that the former group had a full diet 
during the first 4 postoperative days whereas the latter had no oral intake the day of 
operation and 1/4, 1/2 and 3/4 of full diet, respectively, during the first 3 postoperative 
days The patients having full diet during this postoperative period had a better per- 
formance score with all 4 tests The marked difference between the final rank (5 com- 
pared to ii) of the two groups can be explained only by one factor, nameljq the difference 
in dietary intake during the day of operation and the first 3 postoperative days The 
importance of a basal caloric intake during the early postoperative period is thereby 
strongly emphasized 


SUMMABT 

We have conducted numerous physiologic tests on 92 patients having 
herniotomy and 10 patients having cholecystectomy Of eight or nine liver 
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function tests studied, the uiobilinogen and bromsulphalein tests weie found 
the most valuable, at least in out studies Piactically all patients showed im- 
pairment of liver function foi two to five days following opeiation, this 
decrement w^as greatei in the cholecystectomy patients than in the hei niotomy 
patients, it w^as increased consideiably by numerous complications (See 
Table II) The impairment was less after spinal anesthesia than after ether 
In general, this impairment could be prevented by a high piotem diet or 
ambulation (except m the presence of complications) 

Studies on nitiogen balance revealed a negative balance postopeiatively ex- 
cept when the diet W'as iiici eased to a level (with increased piotem content) 
above the aveiage postopei ative diet Ambulation had a distinct sparing 
effect on nitrogen but an increase in the protein contend above a 15 i^er cent 
level w^as necessary before a positive nitrogen balance was achieved Spinal 
anesthesia had no sparing effect on nitrogen, but m the uiobilinogen test 
showed less hepatic impairment after spinal than after ether anesthesia 

Serum total piotems show'ed no significant change after herniotom\, but 
after cholec} stectoiity there w as a definite decline m the serum albumin w'hich 
w'as maximum on the nth day 

Theie w^as a definite deciease m the cholesterol and cholesterol esteis m 
the cholecystectomy group, but the decline was too slight m the patients with 
herniotomy to be of statistical significance except on the third postoperative 
day 

The tilt-table test w'as considered to be of definite value m estimating speed 
of convalescence The tilt-table scores weie much improved by ambulation 
Diet appealed to have less effect although patients wath a diet of basal plus 20 
per cent with 40 per cent protein had a bettei scoi e than patients wath a diet of 
basal plus 100 per cent wath 15 pei cent piotem 

Pieliminary experiences with a test combining and modifying the flaiimetei 
and Flack test are veiy encoui aging, particularly since the test is a simple one 
requiring very little time and experience on the part of the operator Dining 
the peiiod of blowang, the pulse rate is elevated and the blood pressuie de- 
creased, immediately after the test, the blood pressuie rises sharply foi a 
very short tune With this test noimal 1 espouse w'as not regained befoie the 
loth or 1 2th day 

In the push-up test (performed on hei niotomy patients only) the best 
scoies w'ere made m twm groups wfinch w'cre ambulated, one having a diet 
consisting of basal plus 20 pei cent wnth 40 pei cent protein and the second 
having a diet consisting of basal plus 20 pei cent with 15 per cent protein 
(Table VIII) A third group w^hich likewise w-as ambulated had an mferioi 
score presumably because of a high food intake and supplements 

In the stair-climbmg test the best scores w'ere obtained m the group of 
patients wuth basal diet plus 20 pei cent, w ith 40 per cent protein, and ambu- 
lation (Table IX) The score was not as good when the piotem content was 
decreased to 15 per cent even though the caloric intake w'as the same and the 
patients were also ambulated The score of the non-ambulated group was 
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still lower, even though a diet of basal plus lOO per cent (wuth lo per cent 
protein) w^as given 

Certain conclusions about dietaiy intake can be diawn In general, the 
best performances w ere obtained w hen a high pi otein diet w^as given A high 
caloric intake itself did not improve the test performances , in fact, it appeared 
distinctly to be detrimental to performance When a full diet is given every 
day postoperatively, performance scores are better than when the conventional 
diet of %, M and dietary intake is given during the first four post- 
operative days respectively 

In general, ambulation had a beneficial effect on the scores of all tests, 
except the urobilinogen test, which alone revealed no difference between ambu- 
lated and non-ambulated patients 
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Discussion-— Dr Chirlvs C Lund, Boston In the first place, Doctor Cole should 
be congratulated on the tremendous amount of hard work that has gone into this studj 
Ain one who has had experience with metabolic studies in patients has a great admiration 
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for one who can run such studies in so large a group I had the good fortune to see 
the manuscript that Doctor Cole summarized at this meeting, and had the opportunity 
to study it at my leisure He has covered so much ground in a few minutes tliat I am 
going to emphasize some of the points 

In the first place, he speaks of a “shotgun” complete diet His paper lists a long list 
of supplements, all the well-known vitamins in large doses, starting with K and C ribo- 
flavin, and so on, down to some of the cruder forms like liver extract and some of the 
amino acids considered important in metabolic work The last table he presented was 
concerned with weight loss Alany surgeons do not take much consideration of any 
metabolic upset if relatively slight, but these hernia patients were protected by probably 
a better than average hospital diet and the loss of weight, while not spectacular, was 
real It amounted to six or seven pounds loss in a week, with or without ambulation 
When he gave a double diet and ambulation together, he essentially eliminated the loss 

This emphasizes the point Elman made m more serious operations, that there was a 
very serious metabolic upset 

I was surprised that he found as great a decrease in serum albumin following oper- 
ation, as 25 per cent m patients under ether With spinal anesthesia there is a loss, but 
not as much Everything we can do to keep patients as nearly normal as possible at the 
time of operation and immediately afterward, is being shown by more and more investi- 
gators to be the proper attitude for the surgeon today 

Dr Wilder Penfield, Montreal I think what Doctor Cole said applies to many 
different types of surgery My associate. Doctor Cone, and I have found it particularly 
important to get patients out of bed early after removal of intervertebral disks, because 
it seems to promote fusion or fixation of the two vertebrae Weight upon the vertebral 
column obliterates the intervertebral space 

I should like to ask Doctor Cole a question in regard to terminology, particularly as 
I know him to be a scholar as well as a scientist The question refers to the term 
ambulation For a new conception it is often wise to employ a new or little used word 
But he should indicate to us its correct usage The \erb ambulate, for example — is it 
intransitive, or does the doctor ambulate the patient? Is it correct to make it an adjective 
and speak of the ambulated patient? 

Dr Fraser N Gurd, Philadelphia Doctor Cole was kind enough to give me access 
to his material yesterday When I told mv chief. Doctor Ravdiii, that I considered it a 
' significant contribution, he suggested that I step up here and say so, which it is niy 
pleasure to do The work of Doctoi Cole and his associates is closely related to that 
being done at present, under Doctor Ravdin at the University of Pennsylvania, on the 
factors affecting the regeneration of liver substance There can be little doubt that the 
absolute protein content of the liver is the best measure available of effective liver size 
On the relation of diet to the liver protein, Kosterlitz of Aberdeen has stated recently that 
the amount of cytoplasmic material present in the liver is directly proportional to the 
logarithm of the casein intake Dr Harry M Vars and I have done some work on this 
facet of the problem of liver regeneration 

We have prepared rats for 14 days on a protein-free diet, then subjected them to 
70 per cent hepatectomv In a standard recovery period we have measured the amount 
of new liver protein being formed and also the nitrogen balance Postoperatively, we 
have fed a variety of diets, starting from the base line of a protein-free diet both before 
and after operation A certain important amount of liver protein is restored even on a 
protein-free diet, and this amount appears irreducible by any degree of dietary restriction 
including complete starvation We have added to the postoperative diets casein at varied 
levels and other proteins of different biologic values With dietary protein added, the basal 
regeneration obtained on the protein-free diet is sharply increased We have found the 
closest correlation between the amount of new liver protein formed and the net nitrogen 
balance That is to say, those animals eating the smallest amounts of useful protein, and 
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exhibiting an unfavorable nitrogen balance, have shown relatively little liver protein 
regeneration But by increasing the dietary protein, in proportion to the degree to which 
the nitrogen balance was strengthened, so has the liver protein been restored One must 
emphasize the nitrogen balance rather than the nitrogen intake, because we have shown 
that the ingested protein favors liver recovery only to the extent to which it remains in 
the body The nitrogen balance is the resultant of many influences which are difficult 
to control independently, but which Doctor Cole has attempted to control Among such 
influences are many dietary and environmental factors, stresses like infection, and per- 
haps the elimination of total physical disuse by getting patients out of bed 

Although it will be extremely difficult to prove such a thesis m the human, I feel that 
what Doctor Cole is probably measuring is the absolute amount of functional liver cyto- 
plasm We have definite quantitative measurements of it in the rat, but until we know of 
a way to measure the total mass of the liver in vivo in the human, we are obliged to 
estimate it by indirect measurements such as Doctor Cole has brought forward 

Dr Warren H Cole, Chicago (closing) First I want to thank Doctors Lund, 
Penfield and Gurd for the very interesting points they brought up in their discussion 
From two viewpoints I am much interested in the point which our worthy English 
scholar, Doctor Penfield, brought up regarding the definition of ambulation True enough, 
the meaning of ambulation is extremely varied in the^ minds of many people Some 
doctors are of the erroneous opinion that if the patient is sitting up on the side of the 
bed he is being ambulated, but he is not, a patient may easily develop a thrombus of 
the veins of the leg while sitting in this position The patient must walk about In our 
ambulation regime we have added exercises which involve practically all the muscles of 
the body I do not consider sitting m a chair to be part of ambulation Regarding the 
second part of Doctor Penfield’s question — when can ambulation be used as a noun, verb, 
adjective, etc ^ The dictionary allows us considerable liberty in that respect, but if enough 
people continuously use a certain word not in the dictionary, it will finally be placed in 
Mr Webster’s dictionary In other words, usage constitutes law in that respect 

I heard someone ask about patients climbing stairs on the first or second day post- 
operatively Obviously, while patients are doing this someone must accompany them 
Some of these patients were on the ambulation regime, being given extensive exercises 
Others were given no exercises and were kept in bed except during tests, they were 
classified as non-ambulatory although they did receive some exercise in their test Wc 
did not use the step-up tests of the Harvard type Although the step-up test is a fairly 
good test for determining rate of convalescence, I am firmly of the belief that it is too 
strenuous to use in the first few da3^s after a major operation 


ERRATUM 

In the announcement concerning the Editorial Board of Annals of Surgery in 
tlie July issue, the biographical note for Dr Michael E DeBakey was regrettably in error 
We would much appreciate your noting that Dr DeBakey’s title is that of Associate 
Professor of Surgery at Tulane University School of Medicine rather than Assistant 
Professor, as stated 
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REPAIR OF SLIDING INGUINAL HERNIA 
THROUGH THE ABDOMINAL (LAROQUE) APPROACH* 

Carrington Williams, M D 

Richaioxd, Virgixlv 

FROM THF SURGICAL SERVICES OF STUART CIRCLE AND MEDICAL COLLEGE OF VIRGINIA 
HOSPITALS RICHMOND \IRGIMA 

This paper is intended to emphasize the advantages of the abdominal 
approach to the sac and bowel in sliding hernia of the colon The same mech- 
anism IS involved in hernia of the tube and ovar}"^ in the female, and the 
abdominal approach to these oigans has the same advantages Williams^ 
Hernia of the bladdei, however, while usually classed as a sliding hernia is 
involved in diiect inguinal henna and can be handled better from below^ 

Theie is still confusion m the minds of many young surgeons and not a 
few older ones conceining the exact nature of sliding hernia of the colon, this 
IS true in spite of the accurate descriptions of this condition which have been 
in the hteiatuie foi many years 

The eaihest desciiption of a sliding henna of the colon wdnch I have found 
IS by Percival Pott- in a chapter on Incarceiated Hernia fiom Ins Treatise 
on Heinia published in 1783 He gives a long and involved description, wdnch 
undoubtedly was of this condition, though it lacked the concise accuracy of 
his slightly latei colleagues He was in no w^ay lacking in dii ectness, how'evei , 
\vhen, expiessing Ins opinion of those wdio operated on this type of hernia, 
he said “But I also know^ that such accidental successes have emboldened the 
same operators to commit more than one or tw'o murders in similar cases , and 
that, from the pievalence of the fashion, some of these 1 upture-doctors have 
been laigely rew^aided, when they ought to have been hanged ” 

Rutherford^ quotes Scarpa in a good desciiption from Ins book published 
in Milan in 1809 Three eminent Euiopean surgeons of a slightly later date 
understood and described this hernia w'ell Hesselbach was quoted by Samuel 
CoopeU in 1841 “When in these ruptures of the light side, the cecum, or, in 
those of the left, the colon, are met wuth closely adherent to the hindei side of 
the hernial sac, the adhesion is not to be looked upon as the eftect of disease, 
since it IS the peifectly natural connection of those bow'els w'lth the peritoneum 
On the left side the parts most commonly piotruded are the colon and omen- 
tum ” Liston'’ in the Ameiican Edition of his surgery published in 1838 says 
“Sometimes the fixed portions of the colon slip dowm, their posterior cellular 
attachments behind being earned into the inguinal canal , a peritoneal sac 
invests the anteiior aspect only” Sir Astley Cooper'^ m his Lectures pub- 
lished 111 Philadelphia in 1839 gave as one of the causes of 11 reducible hernia, 
“A piotnided cecum, m which the intestine adbeies by cellular membiane 

Read before the American Surgical Association at Hot Springs, Virginia, March 
26, 1947 
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behind, and the sac exists only on the fore part ” He had given these lectin es 
for more than 30 years before their publication so he may have been the first 
to understand and describe this hernia 

Perhaps the reason that sliding heinia is geneially so poorly undei stood 
IS that It IS relatively rare The incidence related to all heinias is about i 5 
per cent , it has been variously reported from i per cent to 3 per cent 

The vast majority of reports indicate that the hernia is usually repaired 
through the inguinal appioach All authois agree that accurate diagnosis 



Fig I — Sac open shoving sliding colon, muscle splitting incision has been 

made above internal ring 


cannot be made until the sac is exposed and often not until the sac is opened 
It should be suspected vhen the hernia is indirect, difficult or impossible to 
1 educe completely, difficult or impossible to control by pressure, and has a 
laige defect at the internal ring Positive diagnosis can sometimes be made 
b\ x-ia} examination after Baiium Enema L}ons, Brogan, and Savjer" 
The dissection of the sac and colon is attended by some danger of damage 
to the blood supply of the cecum 01 colon particular!} v hen the nature of the 
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hernia is poorly understood by the operatoi Demel® reports a mortality of 
2 8 per cent of 501 collected cases, the deaths occurred when the colon was 
resected Moschowitz,® Lamson^® and others also called attention to the 
danger of injury to the wall of the bowel or its blood supply Reports of oper- 
ations on sliding hernia weie made lOO years ago but of the modern authors 
the operation of Weii^’^ began the reconstruction of the mesocolon He made 



Fig 2 — Peritoneum open showing colon on left side entering the internal 

ring 


flaps of the sac and sutured these flaps behind the mobilized bowel, he then 
closed the reconstructed sac Hotchkiss^^ did much the same except that he cut 
away the excess of sac before he sutured the edges to construct the mesocolon 
These methods have been modified by Kirchner,^^ Walton,^^ Sevan, and 
Burton and Blotner All of these methods of constructing a mesocolon are 
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considered dangerous by Ciiley^'^ on account of possible constriction of the 
blood supply He pushes the bowel upward into the abdominal cavity, removes 
the excess of sac and sutures it Zimmerman and Loufman^® do much the 
same except that they close the sac as high up as possible before dissecting the 
bowel posteriorly David^^ introduced another modification in three cases of 
congenital hernia associated with sliding of the cecum He divided the sac 



Fig 3 — Peritoneum open showing cecum on right side entering the internal 

ring 


transversely above the testicle, then incised the upper portion longitudinall} 
on each side of the cecum and when the cecum had been returned to the 
abdomen, sutured the anterior flap behind it 

The slide of the colon probably results from the pull of the complete por- 
tion of the sac which doubtless exists before the colon descends and also from 
the pushing of increased abdominal pressure The descent is made possible 
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by a laige internal ring and in adults the piesence of excess fat is probably 
anothei factoi 

To accomplish complete i eduction of this hernia, that is to replace the colon 
well into the abdominal cavity away fiom the internal ring and to completely 
remove the sac, it would seem logical to reverse both of the stress factors All 
of the opeiations from below combat the pulling but do not correct the push 
from above When we can lift the bowel upw'ard through another opening we 



Fig 4 — The sac and colon have been dissected from the cord and lifted, 
shoiving the posterior surface of colon and its blood supply 


accomplish both of these foices and in addition entirely remove the sac and 
the excess peritoneum Complete repair of the internal ring is also impioved 
The advocates of opening the abdomen above the inguinal canal may be 
divided into tw^o groups fiist those who make this opening foi exposure in 
fixing the colon to the abdominal w'all, after the hernia has been lepaiied m 
the canal, and second those wdio use the opening for reduction of the hernia 
and removal of the sac 

The first report of opening the abdomen above the inguinal canal was 
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made by Fiaschr'* m 1907 He consideied lecuiience due to “the viscious 
haliit of sliding do\\n acquiied b} that poition of the intestine forming the 
sliding henna ’ He advised a muscle-splitting incision for colopexy as a 
supplement to the lepaii fiom below 



Fig 5 — The colon has been delivered into the upper wound 


Robins-^ 111 1909 reported the reduction of strangulated inguinal hernia 
through a rectus abdominal incision, this is probably the first use of the 
abdominal approach for the reduction of hernia and the removal or closure 
of the sac 
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LaRoque” ui 1919 advocated the appioach thiough a muscle-sphtting 
incision above the internal ring foi all inguinal hennas He elaboiated his 
technic in 1924-'’ and described in detail the application of this method to 
sliding hernia in 1932 Williams^ and Barnes”^ who had adopted this method 
from LaRoque later emphasized its advantages 

Moschowitz® in 1925 advised the use of a muscle-sphtting incision for the 
1 eduction of small sliding hernias and a ventral incision for the large ones, 
but he closed the sac remaining in the inguinal canal from below 

Watson^® in 1925 described the use of a ventral incision foi colopexy and 
also advised its use for reduction of large sliding hernias 

Roscoe Graham-’^ in 1935 reported the use of a rectus incision to reduce 
the hernia and to suture the mesocolon after dissection of the sac in the canal 
Mackid^® 111 1936 described essentially the same method but he overlapped 
the sac m restoring the mesocolon 

Brown^® m 1943 reported satisfaction m using a technic almost identical 
with that of LaRoque 

Jacobson^® in 1946 advised the use of this technic in all inguinal hernias 
The advantages of the abdominal approach and particularly the approach 
through a muscle-sphtting incision above the internal ring are not generally 
appreciated I have been surprised at the small number of my surgeon friends 
who use this method It is indicated also by its complete absence in the text on 
sliding hernia in Watson's (193S) and in the chapter on Hernia by 

Harv^ey Stone in Lewis & Walter’s Piachce of Sid gety^^ (1941) Johnson’s 
Operative Therapeusis^® (1915) a rectus incision for fixation of the colon is 
mentioned and in Horsley and Bigger’s Opeiative Swgery^^ (i 937 ) the 
LaRoque technic is described, but it is not applied to sliding hernia 

A query was sent recently to the members of this and the Southern Sur- 
gical Association concerning the use of the abdominal approach to the sac of 
sliding inguinal hernia Two hundred forty replies were received, 69 used 
the abdominal approach, 15 occasionally used it, and 156 did not use it It 
would, therefore, seem that the advantages of this technic are not generally 
recognized and that it would be worth while to present it again 

The usual inguinal incision is made, the external oblique is opened into 
the external ring, the sac is exposed and dissected from the cord, the sac is 
opened on its anterior surface and the sliding colon is exposed (Fig i) The 
internal oblique and transversus abdominis are then opened about i inch 
above the internal ring, with care to avoid the iliohypogastric nerve There is 
often a fairly firm layer of transversahs fascia at this level which can be used 
later in the repair The muscles are retracted and the peritoneum is opened 
transversely The contents of the hernia are now revealed from above as they 
enter the internal ring Figure 2 shows the double barrel descending or sig- 
moid colon on the left side and Figure 3 shows the cecum on the right side 
The sac is now completely dissected from the cord and the colon is mobilized 
with care to avoid damage to its blood supply which lies posteriorly (Fig 4) 
Traction on the colon from the abdomen draws it and the sac into the cavity 
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It IS now obvious that the antero-lateial wall of the sac is the outer leaf of the 
mesocolon and is continuous with the lowei lip of the upper opening into the 
peritoneal cavity — (Fig 5) The excess peiitoneum is cut away, the meso- 
colon IS closed by sutuie and the bowel is restored to the peritoneal cavity — 
(Figs 6 and 7) The peritoneum is now sutuied — it should be noted that the 
sutuie line in the mesocolon runs into the lower lip of this incision — (Fig 8) 
When the transvei salis fascia is present wuth sufficient strength it can he 



Fig 8 — The peritoneum has been closed, the transversahs fascia is shown 


sutured so as to make an exti a suppoi t to the superioi portion of the intei nal 
ring The internal oblique and transversus abdominis are then sutured 

The operatoi now^ returns to the inguinal canal to make the repair as he 
may desire It has been my piactice to use the Bassini method, modified by 
the use of a fascial flap from the rectus sheath 01 a fascial strip suture from 
the upper margin of the divided external oblique aponeui osis accoi ding to the 
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size of the defect and the condition of the tissues available foi the lepaii It is 
paiticulaih impoitant to have a snug internal iing, some opeiatois have 
adMsed complete division of the cord, and othei excision of the testicle and 
cold (Gabh'"') The foimei entails consideiable risk of slough of the testicle 
\\hich ma\ endangei the whole repair, the lattei is distasteful to the patient, 
and conditions which would demand eithei must be extremely lare 
The achantages of this pioceduie aie 

1 The dissection of the posterioi poition of the colon can be completed 
from aho^e wheie a better view may be had of the blood vessels to the colon. 
It IS, theiefore easiei and safei 

2 The entile sac and excess of peritoneum is removed, this is difficult from 
below and it is the most important part of aii}’^ opeiation for mdiiect henna 

3 The mesocolon can he reconsti ucted in the anatomic position of the 
bow el 

4 Unusual conditions of the sac and its contents can be moie leadily 
recognized and repaired Garlock 

5 The colon ma) be fixed to the abdominal wall if desiied 

6 The muscle-splitting incision above the internal ring gives bettei access 
to the sac than the rectus incision, it is much more simple and easy, and it is 
adequate to handle the defect on eithei side of the body 

805 West Franklin Street, 

Richmond 20, Virginia 
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Discussion — Dr Roscoe R Graham, Toronto We are indebted to Doctor Wil- 
liams for bringing forward this problem of sliding hernia One is amazed to find that 
m the reply to the questionnaire which Doctor Williams sent out, there was such a per- 
centage of surgeons who did not use the transperitoneal approach in the repair of 
sliding hernia 

It IS tremendously important that we stress the diagnostic points which are helpful 
m the preoperative recognition of a sliding hernia, particularly when we are so liberal 111 
allowing the resident staff to operate upon henuae without strict supervision 

We should suspect the diagnosis of a sliding inguinal hernia when there is a history 
of a long-standing hernia, when a truss which formerly was efficient can no longer be 
worn because of pain and irritation, and finally the hernia becomes irreducible Sliding 
hernia can be confirmed by a barium enema, showing large bowel in the sac At oper- 
ation the presence of a large mass, thick, and without a definite margin of a sac, puts 
one on guard In our experience it has not been necessary to excise any peritoneum A 
withdrawal of the sigmoid or cecum into the peritoneal cavity has shown that the peri- 
toneum presenting in the inguinal canal is peritoneum covering the mesentery of the 
bowel, and it can be readily closed with a few sutures The ease, safety and permanency 
with which one can deal with a sliding hernia by the peritoneal approach makes it 
undoubtedly the ideal technical procedure 

Dr C Reid Edwards, Baltimore I think Doctor Williams is to be complimented for 
calling attention to the abdominal approach to this type of hernia It is a hernia that is 
turned over frequently to the house man for operation, and the senior man bears con- 
siderable responsibility I am sure you all can recall the older textbooks in which a print 
of a scrotal hernia appeared, the title was “Scrotal hernia in which the abdominal con- 
tents have lost the right of domicile ’’ On the left, the sliding hernia will have the sig- 
moid, on the right, the cecum and much of the ileum 

A few years ago a Negro was admitted to the hospital with a sciotal hernia descend- 
ing to the knees He had made a harness for himself We thought it wise to investigate 
the sac before undertaking an operation, and we found the ileocecal valve at the upper 
level of the patella That is an exaggerated case, but it shows what can happen in a 
neglected case There is no use even thinking of the usual operative procedures The 
contents of the abdomen have been out for tob long, the viscera have sacrificed the 
“right of domicile ’’ Any attempt to put that back is likely to damage the circulation to 
the right and left colon 

In a p- ‘ '“r<- who is excessively fat, it is wise, after proper x-ray, to turn him over to 
the medical service for weight loss This man lost 26 pounds and then came to operation 
A long paramedian incision was made and it was not possible to pull the contents back 
into the abdomen Then an inguinal incision was made, and it was still not possible So 
then all structures were divided at the spine of the pubic bone, the entire wall was 
reflected and, with difficultj, the mass could be turned back into the peritoneal cavity and 
the structures apposed 
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I believe it is wise to advocate study by x-ray of all gross sliding hernias, to 
establish definitelj what part of the bowel has descended into the scrotum, and how 
much risk there ^\lll be of endangering the vascular supply to the colon 

Dr. William L Estls, Jr , Bethlehem, Pa I have been meeting the problem of the 
sliding hernia from a little different angle and have, therefore, been very much interested 
in Doctor Williams’ presentation We have been using for the correction of sliding and 
other hernias a so-called fascia-to-fascia rectus sheath closure In this operation the 
sheath of the rectus is split about i cm medial to the margin of the muscle, the entire 
length of the inguinal canal This lateral margin of the rectus sheath is sutured with 
interrupted cotton sutures to Cooper’s ligament as originally suggested by Harkins and 
McVey for the usual Bassini procedure The second layer for the posterior wall of the 
canal is then formed bj suturing the external oblique attached to Poupart’s ligament to 
the medial margin of the sheath of the rectus, thus giving two layers of superimposed 
sutured fascia for closure of the posterior wall The operation is completed by suturing 
the lateral margin of the external oblique muscle over the cord to Poupart’s or the 
inguinal ligament 

However, an important part of the operation is the correction of any defect of the 
transversahs muscle before the above method of closure is begun The defects usually 
found are orifices of direct herniae, a large internal ring, or a weakness of the muscle 
close to the pubic spine These are closed by interiupted cotton sutures 

In the case of sliding hernias we rarely open the sac The hernia is carefully freed 
from the structures of the cord and restored to the peritoneal cavity, and the large internal 
ring IS closed wuth interrupted cotton sutures, the operation is concluded by the above 
fascia-to-fascia rectus sheath procedure We have recently studied follow-up results 
covering three years or more All patients have been examined personally Of 119 indirect 
hernias there w'as one recurrence, in 56 direct hernias, three, and in ii recurrent hernias, 
no recurrence Of this entire group, 26 were sliding hernias with no recurrence The 
over-all recurrence rate, therefore, w as found to be 2 2 per cent 

There is, how'ever, a definite possibility of atrophy of the testicle if the internal ring 
IS closed too snugly We have avoided this by not angulating the cord by suturing too 
high at the internal ring, and being careful to have an opening at the internal ring at 
least I 5 cm in diameter 

We therefore feel justified in suggesting this method of treatment as effective for 
sliding hernia, as well as the method Doctor Williams has described 

Dr. Carrington Williams, Richmond, Va (closing) Doctor Graham and I are 
almost in entire accord on sliding hernias I do think there is usually a small sac at the 
bottom of the mass Doctor Edw'ards’ large hernia was certainly unique, and proves that 
there are instances where the abdominal approach is very useful Doctor Estes’ report of 
non-recurrence is indicative of the fact that abdominal approach is unnecessary, perhaps 
the Estes repair shop in Bethlehem is better than mine in Richmond, because the only 
case of recurrence I had w'as one that looked so easj that I did not use the approach 
from above 
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AND 

Bradford Cannon, M D 

Bosion, M \ssvcuusitts 

Some oi the salient problems and some of the methods of lepau m 
caimg for patients \Mth major facial injuries are presented here Including 
the gieat numbers seen m mihtaiy seivice, the most frequent causes are gun- 
shot wounds, burns traffic crashes, radiation exposuie and freezing (The 
defects of congenital origin and those resulting from cancer are of a gioujD 
dealt with elsewheie ) 

The surgeon like the tailor can make no better coat than his cloth and it is 
well to lealize limitations as well as possibilities in attempting majoi lepaiis 
There is only one oiiginal and most surgical restoiations are only substitution 
Diagnosis is of major importance and includes deteimination of what tissue 
has been lost or displaced as w'ell as wLat distoited function to expect from it 

One often has to hold in abeyance rules that are pi omulgated for general 
usage over the body — such as the cutting debridement or packing all w'ounds 
open These two measures weie aimed mainly at the prevention of gas gan- 
grene, but this complication is extremely rarely, if ever, seen in the face On 
the other hand to do a cutting debridement of the face might needlessly sac- 
rifice a feature — such as an eyelid, wdieieas these tissues have great lecoveiy 
pow ei , and to pack open a displaced nose oi eyelid is to lose the best chance 
of repair — which is earl) 

It has been firmly established that if badly laceiated faces can be restored 
promptly — that the one single opeiative procedure can often effect an excellent 
result The patient in Figure i lepresents this type of soft tissue injury, wuth 
almost no structure left undamaged m the area By early evacuation and 
prompt suigical repaii — without cutting debridement, or packing the wound 
open — this patient has had her complete result obtained m the one single 
operation Without this early operation as satisfactory result wmuld nevei 
ha^e been attained, even wuth tbe twenty oi thirty operative procedures that 
would have been necessaiy 

Pressure dressings on the face — especially, m fresh injuries, are as impor- 
tant as any place in the body The use of fine, white cotton mechanics waste 
— now supplied as surgical w aste — supplies an excellent medium of pressure — 
the final pressuie of course being obtained w'lth appropriate rolls of bandage 
It IS interesting that the first use of a pressure dressing recorded is in the 

Presented at the Meeting of the American Surgical Association, Hot Springs, Va , 
Atarch 26, 1947 

* Read before the American Surgical Association, Alarch 26, 1947, Hot Springs, Va 
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heiiogl}phics and is in i elation to facial ^^ollnds Edwin Smith Suigical 
Pap3Tus 

The noiinal face, among othei things needs piotection of the eyeballs, a 
nose to breathe tin ough and a mouth to allow noi mal eating These elements 
should guide the appioach to the pioblem of lepaii of the badly injured face 



A B 


Fig 1 — Earlj c\acuation and immediate operation One single operation foi 

complete repair 



A B 

Fig 2 — Use of local tissue m one operation for repan Saliva turned back down the 

throat instead of out on chest 


and in the mess of the acute injury such basic philosophy of treatment should 
not be lost sight of in the face of all the technical details This statement per- 
haps may appeal trite, but to wind up a severe facial injury repair and fail to 
obtain an airw'ay for instance, means needless discomfort and possibly per- 
manent loss of normal function 
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Fig 3 — Total burn of face, grafted early to obtain healing Contracted scars and 
imbedded whiskers dissected out later and full restoration done with free split skin 
grafts Forehead, cheeks, lips, chm, eyelids and nose all giafted 



Fig 4 — Free full-thickness grafts from clavicular region to recover lids 
after dissection of scar Two lids done at one operation, no secondary trim- 
ming necessary 
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In carrying out secondaiy repaiis the following considerations and pro- 
cedures are summarized 

Local tissue is utilized when ever possible to effect repairs In Figure 2 
this IS well illustrated with the entire lepaii being done in one operation and 
the saliva turned back down the throat rather than out on the neck This 
fundamental which includes the use of the Z-flap is almost so obviously to be 
consideied that it is some times not mentioned adequately All possible local 
tissue IS ahvays used whethei additions are made 01 not (Figs 5 and 7 ) On 



A B 

Fig 6 —Practically total loss of covering of face from freezing (Early photo cour- 
tesy Dr E M Bricker ) (Early grafting done by Doctor Hickey ) Restoration in 18 
operations Almost entire resurfacing of flat surfaces of face with free thick split grafts 
including orbital region Whole nose made from flat arm flap and preserved cartilage 
Ears made from scalp flaps, cartilage and split skin grafts (The loyalty of this patient’s 
wife saved him for a normal life and they together are making their way ) 


the other hand the method should not be used when it will distort othei fea- 
tures or inteirupt impoitant nert^e supply One could hardly expect wide- 
spread losses fiom burns about the eyelids and cheeks and nose to be subject 
for this tieatment, and there frequently must be new^ tissue added 

The abilit) to add new' tissue is the “sine qua non” of the plastic surgeon 
and the following necessaiy instances of supplying new tissue are presented 
Burns require free skin grafts most extensively — free grafts are preferable 
on flat sui faces to thick flaps because of finally being more expressive, there 
being little emotional expression possible through or undei a thick flap Fig- 
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C D 

Fig 7 — One of the worst t3'pes of composite and compound injuiy 
Restoration with local tissue, free skin grafts and flat flap from arm for 
nose Cancellous bone graft for jaw Cartilage support for nose 
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ure 3 represents almost a complete replacement of the skin of the face with 
free skin grafts, both cheeks, forehead, lips, chin, eyelids, and nose being 
covered The skin of the anterior chest wall just below the breast is usually 
best for the flat areas of the face 

Free full thickness grafts from the clavicular region, have been recently 
utilized to excellent advantage on the eyelids and nose The color best matches 
the face and the function is excellent The patient in Figure 4 illustrates the 
total resui facing of the lids with these giafts without the necessity of any 
secondary trimming of the edges 



Fig 8 — ^Use of distant flap for nose, rather than cut into forehead Flat 
flap from arm used Cartilage for support and final color obtained with 
permanent pigment injection Patient has only travel vision 


Total losses of areas as in Figure 5 require flap restoration of the soft 
paits and finally suppoit for the soft tissue restoration (The plastic suigeon 
has to build somewhat backward, putting in the outside or covering first and 
the support later ) This patient has had a free graft under the tongue to allow 
movement Then a lined flat flap from the chest made the chin, hp and floor 
of mouth This closed the mouth, turned the saliva back down the throat and 
permitted his taking food The flap is a flat one, turned in for lining, not 
tubed The defect of its bed is giafted at the time it is used 

Restoration of the jaw has been done as in Figure 5, putting m the entire 
body with a rib transplant — extending from ramus to ramus It is planted in 
the new flap first and then attached to the remnants of the ramus later The 
restoration of this patient is far short of his worth and the surgeon’s wishes 
for him but it is adequate for him to follow a normal life 
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Cancellous bone from the ilium is used extensively in jaw replacements 
and probably gives the best overall chance of healing (Fig 7) 

Fieeses of the face are apt to be widely destructive as in Figuie 6 This 
patient has had almost his whole face resui faced with free grafts including the 
whole legion of the 01 bit The nose and both ears have been totally 
reconstructed 

Noses are usuall} made fiom forehead 01 neck flaps, but as in the above 
patient (Fig 6) it has been made fiom an aim flap In Figure 7 the nose has 
also been made from an arm flap as showm — in this patient the forehead w^as 
too narrow In Figure 8 the arm has been used to avoid scairmg the foie- 
head The final color match was obtained in this patient by pigment injection 
Eai s are usually made from a local scalp flap, a cartilage transplant and a 
free skin graft Both eais on the patient in Figuie 6 w^ere made at the same 



A B 

Fig 9 — Composite free graft of two surfaces of skin and intervening cartilages from ear 
for nasal reconstruction One single operation Repair of ear with scalp flap 


tune in three operations (as leported in S G & O, Februaiy, 1947) If 
desirable a short tubed neck flap can be added 

Composite giafts of skm and cartilage fiom the ears have been used 
extensively for repairs of the nose as showm in Figure 9 and as reported pie- 
viously in the Annals or Surgery October 1946 and Suig Gyn and Ob 
April 1946 

Caihlage is usually used to support noses as in Figures 6 and 7 The 
transplant is cut in an L-shape in one piece and may be homogenous, autog- 
enous or preserved Cartilage is also used in chips and grated to fill defects 
that can be molded into shape and don’t require too much support Cartilage 
for ears is essential and if the angle of a costal cartilage is available a good 
shape of an ear may be cut out of it 

As can be noted there is a composite picture of care in the restoration of 
these patients, the original life saving work just after the accident, the endless 
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nmsmg care, and the cooperation and work of the ophthalmologist, the ihin- 
ologist and the dental surgeon The endless detail and dressing care and 
operative work that is supplied by house surgeons and younger surgeons is 
recognized as essential for the recovery of these patients 

These patients aie still individuals and have all the problems of getting 
along that anyone does, and they should not be grouped as a class, or given up 
because of their difficulties The work often appeals endless both for the 
patient and the surgeon- — and the suigeon too w'ell leahzes that the best result 
will be shoit of his wishes or of what the patient deserves But slow' progiess 
can be made, of lessening the time required m the i epair, of improved technical 
woik, and of making good woik moie easily available through observation, 
lecording and teaching 


Discussion — Dr Lfo Elolssfr, San Francisco In expiessmg the umveisal recog- 
nition of these tiuly dramatic results, I would like to add one word, to sav that the pre- 
puce, if available, may be used for making pretty good evelids If one circumcises the 
patient and splits the prepuce part w'ay so as to shape it into the form of a pair of 
trousers, one leg of this free giaft will make an uppei lid and the other a low'er lid 

Mr H Eckhoff, London, England It is verj difhcult to know' w'hat to say about 
the paper of Dr Barrett Brow'ii We were lucky enough to ha\e Doctor Brown with us 
once or twice In the main w'e canted out these special restorations in the same manner 
that Doctor Brow'n has shown jou, the only marked difference being in rhinoplastj The 
use of the flap from the ear is more common m the States than m England A.t East 
Brmsted, where I did most of my woik we used the forehead almost entirelv for these 
reconstructions There w'ere of course maiij cases w'here that w'as not possible, cases m 
w'hich the forehead had been extensively damaged from bombs or bv other injuries In 
those instances we preferred to use the thoracic pedicle, with the thought that the arm-to- 
nose position was uncomfortable for the patient Even when w'e have completed as much 
as W'e can, these people do lack a good deal of what w'e would like for them Nevertheless, 
as you see them m the mass, see them individually and get to know' them, you realize how 
wonderful it is to be able to help them, even to a limited extent 

Dr Jamfs Barritt Brow'x, St Louis (closing) I w'ant to thank Doctors Eloesser 
and Eckhoff In replying to Doctor Eloesser’s suggestion, the only prepucal grafts we saw' 
on eyelids became so black that w'e had to remove them and replace them w'lth other 
grafts If they would stay light, thev w'ould probably be satisfactorj' 
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SUBTOTAL GASTRECTOMY FOR GASTRIC ULCER 
A STUDY OF END RESULTS* 

Henby K Ransom, M.D. 

Ank Akbor, Mich 

FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF MICHIGAN MEDICAL SCHOOL. 

ANN ARDOR, MICHIGAN 

Gastric ulcer differs in a number of respects from duodenal ulcer, a lesion 
with which it IS often discussed and even confused under the common term 
peptic ulcer Gastric ulcer is characterized by certain features which are lack- 
ing m duodenal ulcer and which exert an important influence upon the man- 
agement of the disease These several peculiarities may be summarized 
briefly as follows ( i ) the existence of ulcei , its exact location, size and other 
characteristics can be demonstrated by roentgenologic examinations and/or 
gastroscopy in a high percentage of cases, (2) the response to treatment may 
be very accurately followed and recorded by these same methods, (3) it is 
often closely mimicked by primary ulcerating carcinoma, (4) carcinomatous 
degeneration may occur as a late complication of an originally benign chronic 
gastric ulcer, (5) surgical intervention is required in a larger percentage of 
cases than in the case of duodenal ulcer, (6) practically all surgical procedures, 
including the simpler ones, will substantially reduce the gastric acidity , (7) the 
clinical results of operative treatment are better than in duodenal ulcer and 
(8) anastomotic ulcer is a rare complication following gastroenteric anasto- 
moses for gastric ulcer 

While during recent years the mortality of all gastric operations and par- 
ticularly that of resection has steadily declined until it has reached a reasonably 
satisfactory level, the differentiation of benign ulcers, malignant ulcers and 
ulcerating carcinomas, remains a vexing clinical problem and one which is far 
from a satisfactory solution at the present^’ ^ time These difficulties in accu- 
rate differential diagnosis have prompted certain authors, notably Allen and 
Lahey® to take the position that gastric ulcer, unlike duodenal ulcer, is pri- 
marily a surgical problem and that, except in ceitain unusual circumstances, 
surgical treatment should be advised once the diagnosis is made They believe 
that by such a plan fewer lives will be lost from operative deaths than will be 
the case when gastric cancers are treated medically under a mistaken diagnosis 
Other writers, outstanding among whom is He uer‘*> ^ question the propriety of 

* Read before the Meeting of the American Surgical Association, March 2';-27 10,17 
Hot Springs, Virginia ’ ’ 
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such a radical attitude and especially with regard to gastric resection The ob- 
jections usually raised are (i) an operative mortality that is still appreciable, 
(2) the unsatisfactory clinical results with or without recurrent ulceration 
which are seen in the occasional patient, and (3) the late nutritional disturb- 
ances which are observed in some cases after subtotal gastrectomy 

In order to formulate a working policy m regard to this matter for our own 
use in the future, we have endeavored to answer some of these questions on the 
basis of our own past experience The present studies, therefore, represent an 
attempt to ( i ) ascertain the risk involved m operation and to some degree the 
incidence of malignant growth, (2) make a critical analysis of clinical end 
results as far as the ulcer problem is concerned, and (3) discover the m-' 
cidence and severity of certain side-effects of the operation, such as post- 
resection symptoms, nutritional disturbances, blood disorders, etc 

CLINICAl. MATERlAIi 

During the 20 years that have passed since the University Hospital received 
its first patient in late 1925, 1356 patients with gastric ulcer have been observed 
and treated on the medical and surgical services Of this number, 246 patients 
or 189 per cent required surgical intervention The incidence of surgical 
treatment during the last 3 years of this study (1943, 1944 and 1945) was just 
over 30 per cent Twenty of these 246 patients exhibited acute perforations of 
a gastric ulcer and required emergency surgical therapy Since, in such cases, 
the problem is unique and about it there is no difference of opinion, these 20 
cases will not be considered further Elective surgical procedures were per- 
formed m 226 cases The yearly incidence of all gastric ulcers, as well as of 
those treated surgically by year, is outlined in Figure i This graph also illus- 
trates an experience which has been common in all surgical clinics, le , the 
decline m popularity of the more conservative operations such as gastroen- 
terostomy and knife or cautery excision of the ulcer either singly or m com- 
bination, in favor of the more radical procedure of gastric resection The latter 
procedure has, here as elsewhere, become the operation of choice in the treat- 
ment of gastric ulcer during these past 20 years when 188 partial, subtotal or 
total gastrectomies have been performed Whether this procedure, while ad- 
mittedly giving satisfactory results as far as cure of the ulcer is concerned, will 
remain the best one for the lesion under discussion, may be questioned by some 
in view of the dramatic results now being reported from vagal interruption for 
both gastric and duodenal ulceration Certainly it is true that additional ex- 
perience with this newer procedure will be required and a longer tune interval 
for further observations will be necessary before a final evaluation can be made 
In view of the ever-present danger of potential or existent carcinoma in ulcers 
proximal to the pyloric valve, it seems likely that subtotal gastrectomy will 
continue to hold an important position m the surgical field for the treatment of 
lesions in this location In the meantime, it is well from time to time to assess 
the value of and consider the true worth of this operation in view of the 
evidence which has now accumulated For that reason an intensive follow-up 
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survey of cases treated by gastrectomy during the past 20 years has been 
undertaken in order to consider the late end results Some patients have been 
followed for as long as 20 years and a considerable numbei have been fol- 
lowed from the time of operation to their death from whatever cause many 
years later Thus an overall survey is possible and certain more or less final 
conclusions can be drawn 
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Fig I — Graph showing yearly incidence of all gastric ulcers and those treated sur- 
gically Surgical treatment was carried out in 18 9 per cent of the entire group (including 
acute perforations) and in 30 5 per cent (all elective operations) during the last 
three years 



DISTRIBUTION OF MALIGNANT GASTRIC ULCERS 

(19 CASES) 
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SITE NO OF CASES 

GREATER CURVATURE I 

LESSER CURVATURE 7 

PREPYLORIC AREA 8 

ANTERIOR 5, POSTERIOR WALL 3 


Fig 2 — Diagram showing location of 19 “malignant ulcers ” 


The group of i88 patients under consideration consisted of 154 men and 
34 women whose ages range from 29 to 74 years, the average age being 52 3 
years In all cases, with the exception of one, m which a palliative gastrec- 
tomy®- was performed, the ulcer was removed at operation and subsequently 
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investigated by histologic study While in many cases the preoperative diag- 
nosis was that of possible malignancy, in all cases at operation it was the opin- 
ion of the operator that he was dealing with a benign lesion, as no unusual 
features which led him to suspect malignancy were noted m either the lesion 
itself or the regional lymph nodes Accordingly the usual type of ulcer resec- 
tion was carried out without resorting to wide removal of omenta or lymph 
node bearing areas Moreover gross examination of the surgical specimen in 
no case revealed conclusive evidence of malignancy In the last analysis, how- 
ever, as the result of microscopical studies, 19 patients or 10 i per cent were 
found to have malignant disease superimposed upon an old chronic ulcer The 

DISTRIBUTION OF BENIGN GASTRIC ULCERS 

(|69 CASES) 

SITE NO OF CASES 

GREATER CURVATURE 4- 

LESSER CURVATURE 79 

PREPYLORIC AREA 70 

ANTERIOR & POSTERIOR WALL 19 

MULTIPLE ULCERS I 

4 PATIENTS MAD TWO ULCERS 
Fig 3 — ^Diagram showing location of 169 benign gastric ulcers 

location of these malignant ulcers is shown in Figure i In all of the remain- 
ing 168 cases, the diagnosis of a benign ulcer was confirmed by the pathologist 
The location of the benign ulcers is shown in Figure 2 Four patients had two 
independent and coexistent gastric ulcers, while m one case there were mul- 
tiple ulcers of the stomach and duodenum In 31 of the 188 cases an associated 
duodenal ulcer, either active or healed, was also present as noted at the time 
of operation In every case, however, this lesion was of secondary importance 
and the behavior of the gastric ulcer governed the treatment of the patient 

INDICATIONS FOR OPERATION 

During the 20-year period under discussion a conservative attitude in treat- 
ment has been shared by members of both the medical and surgical depart- 
ments as far as peptic ulcer is concerned and relatively few patients have been 
advised to have surgical therapy unless there was convincing proof as the re- 
sult of a fair trial of thorough medical treatment that no other measures would 
suffice In Table I the original indications for surgical intervention in these 
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Table I 

GASTRIC RESECTION FOR GASTRIC ULCER 
INDICATIONS FOR SURGERY 


Chief Indication 

No of Cases 

Per Cent 

Intractable to Conservative Treatment 69 

36 7 

Probable Carcinoma 

56 

29 8 

Obstruction 

41 

21 8 

Penetrating ulcer 

10 

5 3 

Hemorrhage 

9 

4 8 

? Perforation 

3 

1 6 

Total 

188 

100 0 


1 88 cases are summarized Although frequently there were several factors 
which combined to indicate surgery, for the sake of simplicity the most im- 
portant one has been selected for this tabulation While in practically all cases 
the possibility of malignancy was present in 56 cases or 29 8 per cent a clinical 
diagnosis of probable carcinoma was made on the basis of all of the data avail- 
able This diagnosis was entertained in view of the age of the patient, the 
short clinical histor}q achlorhydria, roentgen studies and gastroscopy, con- 
sidered either singly or in combination In five instances large ulcers on the 
greater curvature of the stomach strongly suggested a malignant lesion and in 
others the prepyloric location increased the likelihood of malignancy since 
Holmes and Hampton® have found 65 per cent of prepyloric ulcerating lesions 
to be malignant The largest group, 1 a , 69 patients or 36 7 per cent, were 
proven beyond peradventure of a doubt to have lesions quite intractable to con- 
servative measures These ulcers failed to heal or to remain healed or as not 
infrequently happened actually increased in size while a strict medical regimen 
was in progress They were, therefore, necessarily regarded as malignant ulcer- 
ations or calloused benign ulcers which could not be closed by conservative 
measures and accordingly surgery was in order Persistent obstruction failing 
to yield to conservative means was largely responsible for the necessity of sur- 
gical intervention in 41 patients or 21 8 per cent of the group Repeated bouts 
of alarming hemorrhage required surgical therapy in 9 cases or 4 8 per cent 
and in a considerable number of other patients bleeding was an important item 
in the clinical history There were no instances in this series of emergency 
surgery for acute massive hemorrhage In three cases operation was per- 
formed during an episode of acute abdominal symptoms which strongly sug- 
gested an acute perforation An incorrect diagnosis was proven at laparotomy, 
at which time, however, resection was performed In ten cases the fact that 
roentgenograms showed evidence of a deeply penetrating ulcer constituted the 
indication for surgery In summary, it may be said that in almost every case 
m which operation was performed malignancy could not be positively ex- 
cluded and, if for no other reason, the operation was justified on the assumption 
that that particular lesion was a possible or probable carcinoma 

A summary of the status of the medical program, prior to operation, is 
given in Table II It will be observed that exactly one-half of these cases 
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Table II 


GASTRIC RESECTION FOR GASTRIC ULCER 
STATUS OF MEDICAL TREATMENT 


Character of Treatment 

No of Cases 

Per Cent 

Adequate or intensive In hospital 

95 

SO 5 

None 

51 

28 2 

Brief 

29 

IS 4 

None Much elsewhere 

11 

5 9 

Total 

188 

100 0 


received an intensive course of medical management in the hospital before 
being advised to accept surgical treatment In all of these cases the evidence 
was convincing that further attempts at conservative therapy would be useless 
Eleven patients or 5 9 per cent were referred by their home physicians for sur- 
gery They had all received good medical management by their physicians 
before coming to the hospital and for them any further attempt at medical 
treatment was thought superfluous Because of the strong presumptive evi- 
dence of malignant disease, surgical treatment was carried out at once in 53 
cases or 28 2 per cent Twenty-nine patients or 15 4 per cent were given a 
trial of conservative treatment but when because of persistent obstruction, con- 
tinued bleeding or constant pain it became apparent such treatment would not 
succeed, surgery was undertaken at an early date 

TYPE OF OPEKATION 

In Table III the several types of operation which were performed in the 
188 cases are listed During the past decade our preference has been for the 


Table III 

TYPE OF OPERATION — 188 CASES 


Operation 

No 

of Cases 

Polya 

Antecolic 

3 


Retrocolic 

44 

47 

Hoffmeister 

Antecolic 

15 


Retrocolic 

113 

128 

Finsterer 


6 

Fmsterer (7) 


2 

Finsterer-Bancroft 


1 

Palliative gastrectomy 


1 

Total gastrectomy 


3 


Hoffmeister type of reconstruction with a retrocolic anastomosis if and when 
technically feasible Partial closure of the cut end of the gastric pouch has 
seemed to reduce the incidence of malfunctioning stomas during the early post- 
operative period and to avoid too rapid emptying of the stomach later The 
removal of practically all of the lesser curvature, a desideratum in the treat- 
ment of peptic ulcer, especially when duodenal ulcer is present, is likewise 
facilitated In the first decade from 1926 to 1936 the posterior Polya recon- 
struction was the procedure most often employed 
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Total gastrectomy was performed iti thiee cases in all of which the ulcer 
was situated high on the lesser curvature or on the posterior wall and had 
proven quite inti actable under most intensive medical treatment The radical 
complete gastrectomy was elected at the time of lapaiotomy in the belief that 
the lesion must be malignant, whereas subsequent microscopic studies in all 
three cases revealed it to be benign With the moitahty of total gastrectomy 
still relatively high and with the highei incidence of post-resection symptoms, 
It IS questionable whether total gastrectomy should often be performed for 
benign ulcer In the futuie, for such lesions, we would suggest excision of 
the ulcer in order to have tissue for micioscopical examination, in combina- 
tion vith vagotomy and with or without a complementary gastric drainage 
operation A second alternative is the tiansthoiacic resection of the upper 
portion of the stomach as suggested by Sweet ° 

Palliative gastrectomy as recommended by Colp was performed in only one 
case This patient had a large gastric ulcer high on the lesser curvature and 
also an old duodenal ulcer which made the dissection of the upper portion 
of the duodenum a tedious and time-consuming task In order to avoid the 
risk of an exceptionally high sub-total or even total resection, the ulcer con- 
taining segment of the duodenum and the lower two-thirds of the stomach 
were resected leaving the gastric ulcer m situ 

Finsterer’s^® resection for exclusion as usually pei formed for very active 
duodenal ulcers has been followed by a high incidence of stomal ulcer in the 
experience of practically all surgeons and has now generally been discarded 
Six such Finsteier procedures were noted in this series All of these opera- 
tions were performed in the early years when the importance of elimination 
of all of the antral mucous membrane was not fully appreciated In all cases 
the gastric ulcer was removed, but this procedure was elected when inflamma- 
tion about the pylorus would have made a dissection beyond it dangerous and 
the closure of the duodenal stump difficult and uncertain It would seem from 
a perusal of the operative notes in two additional cases that the lower transec- 
tion was just proximal to the pylorus and that the operation which was per- 
formed was probably a form of the Finsterer exclusion operation Presum- 
ably this prepyloric transection was used in order to expedite the operation in 
that particular case In one instance in which the Finsterer type of resection 
was intentionally performed, the mucosa of the antral segment was carefully 
dissected out and removed as suggested by Bancroft 

OPERATIVE MORTALITY AND POSTOPERATIVE COMPLICATIONS 

There were 15 operative deaths m the aforementioned 188 resections a 

mortality of 7 9 per cent The causes of death are listed in Table IV In 
gastrectomy as in all other operations of similar magnitude, the mortality has 
decreased steadily during recent years Better preoperative and postoperative 
care as well as the better methods of anesthesia now available, have been 
responsible for increased experience with the operation and standardization of 
the technic It will be noted that pneumonia was the largest single contributor 

639 



HENRY K RANSOM 


Annals of Surgery 
November 1947 


Table IV 

GASTRIC RESECTION TOR GASTRIC UICER— 188 CASES 
Operative Deaths — IS Mortality — 7 9 Per Cent 

Cases With Cases Without 

Cause of Death Autopsy— 8 Autopsy— 7 

Pneumonia 3 1 

General peritonitis — leak at gastro enteric 
anastomosis 3 

Pancreatic fat necrosis 1 

Volvulus of afterent limb of jejunum 

Pentomtis f 

Wound disruption 1 

Uremia 3 

Shock 2 

Acute vascular accident (pulmonary 

embolism or coronarv thrombosis) 1 


to the operative mortality, as four patients or over one-quarter of the group 
died from that complication With the advent of chemotherapy and the anti- 
biotic agents, this menace to success has been substantially reduced The three 
deaths due to general peritonitis, all of which were the result of a leaking 
suture line, of course represent surgical errors, whereas the case of pancreatic 
fat necrosis and the one of volvulus of the jejunum are examples of surgical 
accidents possibly unavoidable but nevertheless regrettable The volvulus of 
the jejunum occurred in a total gastrectomy m the proximal limb used for the 
anastomosis in a reconstruction after the method of Roscoe Graham Two 
cases are listed as dying of uremia Since autopsies were not performed it is 
possible that peritonitis was primary with secondary renal suppression In 
one of these cases a nephrectomy had been performed previously and 
here renal insufficiency is more probable Likewise, m the two patients re- 
corded as dying of surgical shock, autopsies were not permitted Both patients 
died a few hours after return from the operating room and, since there was 
nothing unusual about their particular lesions and no complications had arisen 
during the operative procedure, they perhaps may be best classified as anes- 
thetic deaths 

In making a final appraisal of the end results of gastric resection in the 
treatment of ulcer, not only must the clinical results over a number of years 
be considered but also the primary operative mortality Our overall mortality 
rate of 7 9 per cent seems high at the present time and as such would serve 
as an indictment against the procedure However, it must be borne in mind 
that most of these deaths occurred prior to 1936 and that the mortality has 
been greatly reduced in recent years Many personal series composed of pri- 
vate patients would show a considerably lower death rate 

Table V gives the non-fatal postoperative complications, 64 such complica- 
tions having been observed among 53 patients It will be noted that major 
or minor wound sepsis constituted the largest group These wound infections 
ranged from stitch abscesses to three cases of disruption in which a secondary 
operation for closure was required It will be noted by referring to Table IV 
that in one case wound disruption was responsible for a fatal outcome, thus 
forcibly emphasizing the fact that disruption remains a serious complication 
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and carries a high death rate Pulmonary complications occurred with dis- 
turbing frequency as there were 13 cases of bronchopneumonia, 8 of atelec- 
tasis and I of lung abscess The latter lesion was post-pneumonic in origin 
In recent years pulmonary complications have been reduced m frequency and 
severity by virtue of chemotheiapy, early ambulation, better management of 
abdominal distention, improved anesthesia, tracheo-bronchial suction and as- 
piration bronchoscopy In the two cases of postoperative intestinal fistula, for- 
tunately, both closed spontaneous!}' They indicated either leakage at the 
anastomosis or more probably a small blow-out of the duodenal stump The 
single example of a subdiaphragmatic abscess probably occurred by the same 
mechanism The case of sulfonamide hepatitis occurred at a time when large 
quantities of sulfanilamide powder or crystals were introduced into the peri- 
toneal cavity at the time of laparotomy as a prophylactic measure In this case 

Table V 

GASTRIC RESECTION FOR GASTRIC ULCER 
KON-FATAL POST OPERATIVE COMPLICATIONS 

(64 complications among SI patients) 


Complication No of Cases 

Wound sepsis 17 

Broncho-pneumonia 13 

Urinary tract infection 10 

Pulmonary atelectasis 8 

Wound dehiscence 3 

Ileus 3 

Intestinal fistula 2 

Auricular fibrillation 2 

Subphrenic abscess 1 

Lung abscess 1 

Cerebral hemorrhage 1 

Thrombophlebitis I 

Abortion I 

Sulfonamide hepatitis 1 


there was intense jaundice but spontaneous recovery took place without 
sequelae The other complications for the most part occurred singly and were 
not serious Urinary tract infections were fairly frequent but fortunately all 
terminated promptly under appropriate therapy 

MALIGNANT ULCERS 

In 19 cases or lo i per cent the microscopical examination of the operative 
specimen disclosed unmistakable evidence of malignant disease In none of 
these cases was suspicion sufficiently aroused at the time of' operation to alter 
the course of the operative procedure and the usual ulcer resection was per- 
formed The operative notes in these cases indicate findings identical with 
those of the lesions microscopically benign, and in none of these cases were 
the regional lymphnodes found noteworthy and accordingly extensive resec- 
tion of lymphnode-bearmg areas or omentumectomy were not performed In 
17 of the 19 cases microscopical study revealed an early or even advanced 
carcinoma developing on the basis of an old chronic peptic ulcer In all of 
these cases the original lesion was definitely an ulcer with the 
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superimposed and none were primary ulcerating carcinomas Two cases 
showed at the edge of a chronic ulcer an area of lymphosarcoma In this 
group of 19 patients with associated malignant disease, there were 15 men and 
4 women The two lymphosarcoma cases occurred m male patients The 
age range for this group was 30 to 67 years, with an average of 56 years 
This average age is slightly higher than that for the entire group which was 
52 3 years or for the group of 169 benign lesions where it was 52 2 years In 
12 of the ulcer-cancer cases special studies of the regional lymphnodes attached 
to the operative specimen were made In four there was involvement by 
metastatic carcinoma while m eight the nodes were negative The regional 
lymphnodes m one of the lymphosarcoma cases revealed evidence of neoplasm 
In view of the ultimate diagnosis of malignancy m this group, it is interesting 
to reconsider the status of the preliminary medical program Three patients 
had had prolonged and intensive medical treatment elsewhere before entering 
the hospital and surgery was advised at once In 9 cases there was no 
delay and for one reason or another prompt surgical intervention was rec- 
ommended, whereas m 7 cases considerable valuable time was spent in un- 
successful medical treatment by us, and surgery was performed only when 
check-up roentgenograms showed failure of the ulcer to improve There was 
one operative death in this group which has already been referred to as an 
anesthetic death 

The follow-up studies in this group are of special interest (Table VI) 
In addition to the patient who died in the hospital, another patient, a woman, 
returned as an emergency exactly one month after her discharge and required 
a tracheotomy for upper respiratory tract obstruction due to necrosis of the 
cricoid cartilage This lesion was undoubtedly due to the prolonged use of a 
Levine tube for Wangensteen suction during the postoperative period She 
died shortly after her return from the operating room In addition to these 
two cases, six other patients have since died All six with one exception have 
died of recurrent carcinoma This latter patient survived for seven years and 
eight months free from recurrence and in good health and died of a cerebral 
hemorrhage The survival period of the patients who died of malignant dis- 
ease (excluding the one operative and the one early postoperative death) 
ranged from seven months to three years and seven months, the average being 
246 months Eleven patients of this malignant group are still living, their 
survival periods ranging from one year to seven years and ten months All 
of them are in good health at the time of this report with one exception This 
patient reports that his health is poor but in view of the fact that he has sur- 
vived for SIX years and six months recurrence seems improbable The two lym- 
phosarcoma patients are both living and in good health at the present time 
In summarizing this group of 19 patients with microscopically verified 
malignancy associated with a chronic gastric ulcer, 7 or 369 per cent have 
now survived for more than five years, but if the two postoperative deaths are 
excluded, the five-year survival rate becomes 41 2 per cent This is similar 
to the findings of Allen, who reported a 40 per cent five-year survival rate 
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Table VI 


GASTRIC RESECTION FOR GASTRIC ULCER 
GASTRIC ULCERS — MALIGNANT 
END RESULTS IN 18 PATIENTS WHO SURVIVED OPERATION 


Survival Penod 
Less than 1 year 
Over 1 year 
Over 2 years 
Over 3 years 
Over 4 years 
Over S years 
Over 6 years 
Over 7 years 


Living 1 ’ead 
2 

1 2 

1 I 
1 

3 

2 
1 

3 1 


7 Fiv e year survivals = 

36 8 per cent including operative deaths 
412 per cent excluding operative deaths 


Table VII 

GASTRIC RESECTION FOR GASTRIC ULCER — 1926-1945 INCLUSIVE 


1 Cases included in present study of end results 138 

2 Cases which have been followed for less than two years 17 

3 Cases of gastric ulcer with superimposed malignancy — microscopical evidence 19 (10 1%) 

4 Operative deaths IS (7 9%) 

5 Total number of resections performed 188 

(One case is included in both groups 3 and 4) 


including operative deaths m a similar group of malignant lesions When it is 
remembered that the number of five-year survivals in the average reports of 
cancer of the stomach is m the neighborhood of 20 per cent of the cases 
resected, it becomes apparent that an aggressive attitude toward gastric ulcer 
should assist m improving the present poor results in the treatment of gastric 
carcinoma 

METHOD OF EVALUATION OF END RESULTS 

It is a well-known fact that a final judgment of the results of treatment is 
possible only after many years when one is studying a lesion such as gastric 
or duodenal ulcer For that reason we have arbitrarily excluded from final 
consideration all patients who have not been observed for at least two years 
postoperatively This automatically eliminates 12 patients who were operated 
upon during 1945 as well as five others operated upon earlier but who died of 
intercurrent disease m less than two years There have been no unsatisfactory 
results in these groups 

There remain 138 cases (Table VII) suitable for evaluation of end results 
and these have been followed for periods ranging from two to 20 years Data 
are available on all of these patients The information has been obtained prin- 
cipally through return visits for check-up examinations, but also by letters 
questionnaires and telephone conversations with both patients and their phy- 
sicians and finally, in case of death, from the Michigan State Department of 
Health The follow-up study has been a continuous one, having been inaugu- 
rated many years ago For the present purpose, the various reports for eLh 
patient have been assembled and a rating given based upon the combined 
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evidence Emphasis has been placed upon the most recent reports inasmuch 
as occasionally a shift m position up or down the scale becomes necessary, 
even after a number of years As a rule changes have been for the better, 


Table VIII 


DURATION OF FOLLOW-UP STUDY — ISS CASES 


Number of Years After Operation 

Living 

Dead 

Less than 2 years 

12 

5 

2-5 

43 

14 

5-10 

34 

10 

10-15 

10 

10 

15-20 

9 

7 

Over 20 


1 


— 

— 

Total 

108 

47 

Table IX 

GASTRIC RESECTION FOR GASTRIC ULCER 


CAUSE OF DEATH IN 47 PATIENTS WHO HAVE 

DIED SmCE DISCHARGE 

Cause of Death 

No of Cases 

1 Cardio vascular disease 


18 

Cerebral hemorrhage 

7 


Cardiac disorders (including coronary thrombosis) 9 


Rupture aneurysm aorta 

1 


General artenosclerosis 

1 


2 Pulmonary disease 


9 

Pneumonia 

s 


Pulmonary tuberculosis 

3 


Lung abscess 

1 


3 Trauma 


8 

4 Jejunal ulcer 


3 

5 Renal disease 


2 

Pyelonephntis 

1 


Chronic nephntis 

1 


6 Miscellaneous 


7 

Carcinoma of remaining gastric pouch 

2 


Carcinoma of colon 

1 


Meningitis 

1 


Alcoholism 

1 


Suicide 

1 


Unknown 

1 



Table X 

SUMMARY OF END RESULTS OF GASTRIC RESECTION FOR BENIGN GASTRIC ULCER 
Type of Result No of Cases Per Cent 


1 Excellent 86 62 

(a) Completely symptom free 65 

(b) Very slight symptoms 21 

2 Good 41 30 

3 Poor 7 5 

4 Jejunal ulcer (verified) 4 3 

Total 138 100 

Satisfactory results in 127 cases =92 per cent 


although occasionally the reverse is true For example, some patients who for 
a time were classified as only improved, because of their inability to regain 
strength or maintain proper weight have finally overcome this trouble and 
have been shifted to the excellent group Again certain other patients whose 
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residual symptoms were principally related to the small size of the remaining 
stomach have in time compensated for this difficulty and now remain among 
the excellent result cases Patients who have developed jejunal ulcers and 
most of those who have obtained poor results have had a poor record from the 
beginning For convenience a classification consisting of four categories has 
been employed These are (i) Excellent, (2) Good, (3) Poor, and (4) 
Jejunal ulcer (verified) 

In Table VIII the duration of the follow-up study is analyzed and here it 
will be seen that 108 patients are still living and 47 are dead These figures 
include for completeness the 17 cases under two years which are not included 
in the final calculations Table IX gives the causes of death in the 47 patients 
who have died It will be observed that death in three cases was due to jejunal 
ulcer and, in fact, it occurred following secondary or tertiary operations for 
this condition 


REMOTE RESULTS 

In general the end results have been extremely satisfactory and in only 1 1 
cases or 8 per cent have definitely unsatisfactory results occurred (Table X) 
One hundred twenty-seven patients or 92 per cent have entirely satisfactory 
results, whereas 86 of these can be classified as excellent 

I Excellent results This is by far the largest group and is composed of 
86 patients or 62 per cent Sixty-five patients or 75 per cent of this group and 
47 per cent of the entire series are completely symptom free and restored to 
a state of normal health They eat normally without restrictions, are entirely 
rehabilitated as far as their economic or social status is concerned and suffer 


Table XI 

GASTRIC RESECTION FOR GASTRIC ULCER 
SUMJtARY OF CASES WTTH EXCELLENT RESULTS — 86 


Completely symptom free 65 

Minimal symptoms 2 1 

Slight weakness 6 

Slight intolerance to certain foods 19 

Fats 9 

Condiments etc 6 

Coarse foods 5 

Aad foods 3 

Sweets 2 

Coffee 1 

Ice cream 1 

Milk 1 

Soft dnnks 1 

Alcoholic liquors 1 

Nuts 1 


no postresection symptoms Even on careful questioning no complaints can 
be elicited The remaining 21 patients in this group of 86 are also considered 
as having excellent results They are well, free from their ulcer symptoms, 
but on careful questioning report trivial, insignificant or inconsequential symp- 
toms The latter are not disturbing and consist either of slight weakness or 
s ig t intolerance to certain foods (Table XI) A group of normal individuals 
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would probably show a similar incidence of such symptoms Fatty foods, for 
example, pork, fried foods, gravies and rich pastries are troublesome for the 
largest number of patients Second in importance are the highly seasoned 
foods, e g , pickles, condiments, spices, etc , and third, coarse foods with con- 
siderable residue, such as radishes, cucumbers, celery, cabbage, etc None of 
these patients requires a special diet and all can remain symptom free by 
merely avoiding the objectionable items As far as these 86 patients are con- 
cerned the results may be cited as among the best seen following any type of 
surgical operation of similar magnitude 


Table XII 


GASTRIC RESECTION FOR GASTRIC ULCER 

Analysis of Good Results 41 Patients 
Symptoms 

Weakness 

Symptom free but adhere to diet 

Referable to small size of stomach 

Referable to hypoglycemic or ‘ dumping syndrome 

Specific food intolerance 

Fats 13 Sweets 

Coarse foods 6 Milk 

Condiments etc 6 Acid foods 

♦ » ♦ * 


No of Cases 
11 
3 
11 
9 
18 


4 

3 

1 


Symptoms partially or wholly due to associated disease — 20 patients 


Arthntis 4 

Cholelithiasis 3 

Heart disease 3 

Carcinoma of gastric pouch 2 

Carcinoma of colon 1 

Diabetes 1 


Hemochromatosis 1 

Macrocytic anemia I 

C N S lues 1 

Ch nephritis 1 

Put tuberculosis 1 

Hypertension I 


2 Good results Forty-one patients or 30 per cent of the group have been 
placed in this category These patients are much improved since operation 
and have remained so They cannot be said to be completely symptom free, 
but their symptoms are quite easily kept under control For the most part 
the residual symptoms are related to the reduced capacity of the stomach and 
the altered mechanics of gastric emptying rather than simulating the original 
symptoms In Table XII an attempt has been made to analyze and classify 
these residual symptoms This group of patients is the one most difficult 
accurately to appraise The cases seem to fall conveniently into the following 
groups although some overlapping necessarily occurs (a) patients who are 
not as strong as formerly Inability to regain former strength is not infre- 
quent and often is associated with failure to regain or maintain weight These 
persons require more sleep along with regular hours of work and their phys- 
ical endurance is somewhat below par They often are more susceptible to 
upper respiratory tract infections , (b) patients who are entirely symptom free, 
but, because in the past they have become so accustomed to following a rigid 
ulcer diet, they now refuse to discontinue it for fear of further trouble Some 
of these patients probably belong in the excellent group, (c) those whose 
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symptoms are due to the small capacity of the remaining stomach These indi- 
viduals are apt to experience discomfort after a heavy meal, from overeating 
or from eating too lapidly Many of these symptoms improve gradually as 
the gastric pouch dilates, some patients never overcome them, (d) those 
who have symptoms of sweating, a sensation of warmth, cardiac palpitation 
and faintness and weakness after meals These have been ascribed by Custer, 
Butt and Waugh^^ and others to the dumping syndrome and explained by the 
rapid entrance of food into the jejunum It is common experience among 
roentgenologists to observe rapid emptying of the gastric remnant after sub- 
total resection whereas only a few patients experience this tram of symptoms 
Many patients with such symptoms in our experience exhibit definite evidence 
of spontaneous hyperinsuhmsm and are relieved by the use of a high protein, 
low carbohydrate diet, (e) patients who have specific food intolerances sim- 
ilar to those mentioned above but more severe and often necessitating a 
modified diet for control 

It IS important to note that one-half of the patients in this group with 
residual symptoms have co-existing diseases quite capable of accounting for 
all or many of their complaints Thus, three of the living patients have definite 
roentgen evidence of cholelithiasis and one whose complaint is severe weak- 
ness has recently been shown to have developed macrocytic anemia One 
patient has bronzed diabetes Two patients have died of carcinoma developing 
in the gastric remnant Presumably their gastric symptoms which returned 
after several years of complete freedom were due to the new disease, as the 
microscopic examination of the original ulcers showed them to be benign 
Another patient subsequently developed carcinoma of the colon from which he 
died and which probably explained his symptoms Other lesions more difficult 
of evaluation and for the most part occurring singly are listed in Table XII 
It IS not surprising to find such associated disorders frequently in a group of 
patients such as these who are at or beyond middle age 

These results compare favorably with those of St John Harvey Guis and 
Goodmaffi^ who reported 90 per cent of the survivors of operation as having 
satisfactory results when grouped according to cases and 92 per cent satisfac- 
tory years according to their methods of tabulation Walters and Clagett^® 
state that the results of the surgical treatment of chronic gastric ulcer are 
among the best in the field of surgery. 

3 Poor Jesuits Seven patients or 5 per cent of the group have unsatis- 
factory or poor results not due to stomal ulcer These are summarized in 
Table XIII Four patients are living and three have died at 7 years 9 months, 
II years and 2 months and 18 years and 2 months respectively Three women 
who had a conventional type of resection have continued to have the same 
symptoms following operation Repeated attempts by various methods of 
examination have failed to reveal an anastomotic ulcer and the long time which 
has passed with no essential change in the clinical picture militates against this 
diagnosis One of these patients was re-explored 12 years after the original 
operation for a suspected marginal ulcer, but only a small gastric polyp was 
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found and removed Her symptoms remained unchanged An adequate ex- 
planation of the poor results so similar in these three cases is difficult or 
impossible and perhaps relates to some underlying functional disorder m addi- 
tion to the organic disease One man who had a Finsterer type of resection 
remained m poor health until the time of his death by suicide seven years and 
nine months later He was a frequent visitor at the hospital on the Neurology 


Table XIII 


No of Cases 

3 Classical operation 

1 Finsterer operation 

1 Palliative gastrectomy 
1 Total gastrectomy 
1 Classical operation 


GASTRIC RESECTION FOR GASTRIC ULCER 

Analysis of Poor Results — 7 Cases 
Comment 

Persistence of original symptoms 

Organic brain disease — alcoholism 

Reactivation of ulcer (hemorrhage) 

Severe post resection symptoms macrocytic anemia 
Incisional hernia (intermittent obstruction) 


1 died 18 yrs 2 mos 
1 living S yrs 8 mos 
1 living 3 yrs 10 mos 
Died (suicide) 

7 yrs 9 mos 
Living 12 yrs 8 mos 
Living S yrs 4 mos 
Died 11 yrs 2 mos 


service An anastomotic ulcer was never demonstrated and due to his 
demented state, institutional care was required The one patient upon whom a 
palliative gastrectomy was performed m our opinion has not had a satis- 
factory result 

He developed symptoms of reactivation of his unremoved ulcer two years 
postoperatively Strict dietary and medical management have sufficed to hold 
the disease in check Stomal ulcer m this case has been excluded to the best of 
our knowledge One of the three patients who underwent total gastrectomy 
has a poor result in the form of severe post resection symptoms He is a 
severe psychoneurotic, has pronounced hypennsuhnism and has recently 
developed macrocytic anemia The final case in this group is listed here, in 
spite of an apparent cure of his ulcer due to the fact that a large incisional 
hernia developed after operation Until the time of his death ii years and 
two months later, he had symptoms of intermittent intestinal obstruction He 
repeatedly refused to have the hernia repaired and while the clinical results m 
this case must necessarily be recorded as poor, it should not stand as an indict- 
ment against the operation as far as the ulcer results are concerned 

4 Jepmal ulcei Jejunal ulcer, while of rare occurrence, following gastro- 
intestinal anastomoses for gastric ulcer is a most serious and distressing com- 
plication when It occurs Church and Hinton^®’ reported three marginal 
ulcers in nine cases of gastric ulcer treated by gastroenterostomy and a ques- 
tionable recurrent ulcer in one case treated by resection Heuer reported three 
cases m which a stomal ulcer following resection was suspected but not proven 
There were four verified jejunal ulcers in the present series The pertinent 
clinical data of these cases are epitomized in Table XIV 

The first case is an example of a patient who required multiple operations 
for repeatedly recurring marginal or jejunal ulcers This man was operated 
upon three times for recurrences The original lesion was a high lesser 
curvature ulcer and a fairly radical Polya resection was performed The 
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antrum, however, was not removed Apparently it was left for the sake of 
simplifying the operative procedure Accordingly this patient should be 
regarded as one who did not have an adequate primary resection Unfortu- 
nately at the subsequent operations the antrum and pylorus were not excised 
The second case is very similar and in view of the evidence now available, it is 
quite certain that the Finsterer procedure should never be used when dealing 
with gastric ulcer In addition to the fact that one-half of the end results of 
this operation were unsatisfactory it is noteworthy that none of the remaining 
cases were in the excellent group The third case is one m which a type of 
Finsterer operation was probably performed although not intentionally The 


Table XIV 



JEJUNAL ULCER — 4 CASES 

Case 

Recurrence 


Subsequent Course 

52 — Posterior pol> a 

8 mos 

(1) 

Reresection 9-26-28 

(Finsterer) 8-3-27 


(2) 

Closure of acute perforation (elsewhere) Dec 1937 



(3) 

Exclusion of jejunal ulcer 8-12-38 



(4) 

Died (cerebral hemorrhage) 1-5-39 

55 — Posterior Hoffmeister 

18 mos 

(1) 

Exploratorv and jejunostomy 11-6-30 

(Finsterer) 7-18-28 


(4) 

Died 11-28-30 No autopsy 

61 — Posterior Hoffmeister 

Immediately 

(1) 

Resection duodenal stump 5-19-44 

(Fmsterei) 4-1-43 

Gastrojejuno- 

(2) 

Colostomy and jejunostomy 4-25-45 


colic fistula 

(3) 

Died 6-23-45 Autopsy — perfo ation-pentonitis 

69 — Posterior Hoffmeister 

9 mos 

(1) 

Reresection 5-17-46 

1-27-44 


(2) 

Died 5-18-46 Hemorrhage No autopsy 


lesion was on the lesser curvature and associated with a good deal of inflam- 
matory reaction The lower transection is stated to have been “close to” the 
pylorus Symptoms of a marginal ulcer occurred promptly and one year later 
it was thought advisable to resect the upper portion of the duodenal stump 
McKittrick^® and MarshalF^ have reported nine cases in which jejunal ulcers 
have healed following such an indirect attack Interestingly enough histologic 
examination of this specimen revealed the presence of gastric mucosa, but 
unfortunately the ulcer was uninfluenced by the procedure and progressed to 
the stage of a gastrojejunocolic fistula Later, perforation occurred with a 
resultant general peritonitis in spite of the fact that the fistula had been 
excluded by a proximal colostomy and a catheter jej unostomy for feeding 
purposes The remaining case m this group is that of a woman of 69 who had 
a prepyloric ulcer A conventional resection which was adequate according to 
all of the usual criteria was performed One year later a jejunal ulcer was 
easily demonstrated roentgenographically At this examination it was esti- 
mated that two-thirds of the stomach had been removed Gastric acidity 
remained at about normal levels prior to reresection It is conceivable in 
this case that antral tissue was left behind m the upper segment by removal 
of too little of the lesser curvature, and that a higher resection might have 
given a better result 
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WEIGHT CHANGES 

The post resection changes in weight are given in Table XV An attempt 
was made to compare the stabilized postoperative weights as attained several 
years after operation with those of the patients before the procedure The pre- 
operative weight selected was the average or possibly the best past weight 
The weight immediately before operation is a poor criterion as most of these 
patients had lost from 15 to 25 pounds during the several months prior to 
surgery and a comparison with this weight would show either little or no 
change or more probably a gam It will be noted that after resection the aver- 
age patient is nearly 12 pounds below his former weight Rarely is the loss 
excessive or sufficient to cause concern It may, however, be associated with 
loss of strength and in some cases this may become a difficult problem An 


Table XV 

POST RESECTION CHANGES IN WEIGHT — 112 CASES 

Range Average 

No of Cases (Pounds) (Pounds) 

84(75%) 5-45 17 

15(13%) 3-25 10 

13(12%) 

Overall average 117 pounds loss 

interesting study of this matter has been made by Wollager, Comfort, Weir 
and Osterberg^® who found that following the Polya type of resection nearly 
all persons lost more fat in the stool when taking a high fat diet than did those 
who had not had a gastric resection This was also true in some patients who 
were on a diet of ordinary fat content Moreover some patients after the Polya 
operation lost more nitrogen and total solids m the stool than did normal indi- 
viduals The authors conclude that the amounts of fat and nitrogen lost in the 
feces were not large, but unless a diet of sufficient caloric content to compen- 
sate for this loss IS taken a decrease in body weight might be expected 

SUMMARY 

The end results of gastric resection for gastric ulcer as viewed over a 20- 
year period support the earlier impression that this is the best means now at our 
disposal for the treatment of those ulcer cases which require surgery The 
operation has limitations and for patients who are exceedingly obese are poor 
risks or who have high or inaccessible lesions, a less ideal but safer procedure 
should be selected With the advent of vagal interruption a new and potent 
method is available for this group of cases It is also conceivable that, as sug- 
gested by Lahey,^^ subdiaphragmatic vagotomy may be worth while at the 
time of subtotal gastrectomy in an attempt to prevent jejunal ulcer in that 
small group of patients who may be expected to develop this complication even 
after an adequate resection The conventional subtotal resection whereby a 
large portion of the lesser curvature as well as the antrum and pylorus were 
removed, has given the best results in this series Little difference has been 
noted in the late results between those cases in which a Polya or a Hoffmeister 

6S0 


Change 

Loss 

Gam 

No change 
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reconstruction was performed, and likewise the clinical results of cases of 
antecolic and retrocolic anastomoses were essentially the same 

The Finsterer exclusion operation would seem to have no place in the 
treatment of gastric ulcer and in view of a better understanding of gastric 
physiology it should be abandoned Palliative gastrectomy, as obseived in one 
case, did not yield a satisfactory result and it would seem that today there are 
other and better methods of dealing with high gastric ulcers The record of 
the three total gastrectomies is not good Although there was one excellent 
result, there was one operative death and one poor result The procedure seems 
much too radical for the treatment of a benign ulcer but for the type of case 
in which It was here employed any substitute operation must be one which 
includes removal of the ulcer In general an operation with 92 per cent of 
satisfactory end results compares favorably with the results of almost any 
major surgical operation today The operative mortality herein reported can 
most certainly be reduced m the future and by heeding some of the lessons 
learned from this study it is hoped that the unsatisfactory clinical results can 
be further reduced in number 

The fact that microscopical study revealed malignancy in 10 per cent of 
the lesions which was not recognized as such at the time of laparotomy would 
indicate that any indirect operation for gastric ulcer should be accepted with 
caution We believe that there is a definite place for medical treatment in the 
management of certain gastric ulcers but that its dangers and limitations 
should be realized by internists as well as surgeons The side-effects resulting 
from large gastric resections which occasionally occur in the form of post 
resection symptoms and nutritional disturbances are perhaps the most objec- 
tionable feature of the operation Fortunately most patients experience but 
little inconvenience on this score, but as newer and better methods of treat- 
ment become available, it is to be hoped that all postoperative residual symp- 
toms can be eliminated 
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Jejunum (Polya Anastomosis) Gastroenterology, 6 93, 1946 
21 Lahey, Frank H A Position on the Employment of Vagotomy in the Surgical Treat- 
ment of Peptic Ulcer The Lahey Clinic Bulletin, 5 66, 1947 


Discussion — ^Dr Roscoe R Graham, Toronto Dr Ransom was good enough 
to make available the material in his paper prior to his address He has rightly stressed 
that the proper therapy in gastric ulcer is still predicated on our ability or lack of ability 
to differentiate a benign from a malignant ulcer It is noteworthy that in his series there 
was a 10 per cent error in considering as benign an ulcer which histologically was proven 
to be malignant In a series of our own cases the error was as high as 17 per cent Some 
years ago Dr Harold Wookey re-examined specimens in our museum which had been 
labelled as benign gastric ulcer More detailed histologic study showed that 18 per cent 
were malignant 

Singleton and Summers reported on 309 patients suffering from pre-pylonc lesions, 
189 were carcinoma and 120 were benign lesions It was interesting, however, that in 24 
of the malignant cases the crater was the only index of abnormality and in 17, or 85 per 
cent of these the crater was less than 25 centimeters in diameter 

In a follow-up series of gastric carcinoma, there were a few cases m which it was 
felt that the carcinoma had been grafted upon a previous chronic ulcer While these 
could have been controlled by earlier surgical excision of the ulcer, it was heartening to 
find that the prognosis in such a gastric carcinoma was better than in one which started 
primarily as a carcinoma 

Previously we have withheld operation on patients suffering from gastric ulcer until 
our hand was forced In most instances we had not advised operation until there was 
involvement of contiguous structures in practically all cases This gave a definite mor- 
tality and a difficult technical problem With the data which Dr Ransom has presented, 
It becomes obvious that one should entertain very seriously the policy of advising early 
radical operative procedures for a patient with a gastric ulcer The present regimen of 
preoperative care for gastric patients enables a radical gastrectomy to be carried out 
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without a prohibitive mortality We are therefore justified in advising patients suffering 
from what we believe to be a benign gastric ulcer to accept operation early in the course 
of the disease 

We believe that the operation should be a radical gastrectomy We have never 
accepted the Fmsterer type of operation, in which a portion of the pyloric antrum was left 
in situ, even though a radical resection of the stomach was done It is our conviction that 
the pyloric mucosa should be removed in its entirety in cases of gastric resection for ulcer 

Dr F B St John, New York It is the type of report which Dr Ransom has just 
made, representing a careful study of 175 cases of gastric ulcer which have been treated by 
partial or subtotal gastrectomy, which brings out informative material and matters for 
further consideration Following the cases carefully, as has been done in this series, is 
of course the outstanding factor in evaluating the results One cannot help but be im- 
pressed in general by the very satisfactory results obtained in his clinic 

The paper also introduces the interesting group of cases in which carcinoma was 
either suspected or actually proven either at operation or later in the surgical pathologic 
laboratory 

Dr Harold D Harvey, an associate on the surgical staff of the Presbyterian Hos- 
pital in New York, and I are about to finish a review of some 400 cases of subtotal 
gastrectomy for duodenal and gastric ulcer in the last ten years The results have been 
gratifying m that the cases without symptoms of any significance followed on an average 
of about four years, show that 85 per cent have had no trouble If the cases that either 
died or were lost to follow-up are eliminated, it would be approximately 90 per cent 
In following these cases, we record any one of them as unsatisfactory if at any time during 
the follow-up period symptoms of significance have appeared The work will be pub- 
lished in the near future We realize fully that subtotal gastrectomy is by no means the 
satisfactory answer to these chronic inflammatory lesions of the stomach and duodenum 
as an ultimate form of therapy 

In our follow-up clinic we do not speak of end results in the course of a follow-up 
period, as we prefer to follow our cases in continuity and no ulcer case is closed, so to 
speak, so that we are establishing records of greater longevity which eventually will be of 
greater value Any student of this disease will appreciate the importance, I think, of this 
method of following cases 

A word about operative mortality during the ten-year period represented by this 
study In our series it was 4 6 per cent, but of the 18 postoperative deaths 16 occurred in 
patients over the age of 45, the death rate for patients under 45 being between i and 2 
per cent, whereas in the older age group it was about 7 per cent, and in this latter age 
group cancer had been suspected in almost half the cases Hence the feeling that resec- 
tion was indicated in any event 

Another interesting point in Dr Ransom’s results is the fact that if one studies a 
large series of cases, such as m the past 20 years, it must needs include a number of 
limited partial gastrectomies, in the first decade especially, and it is well known that the 
results in this type of procedure are not as satisfactory 

Dr Frank H Lahey, Boston I do not wish to add anything concerning the matters 
particularly discussed in this paper, but to bring before this busy surgical audience one 
point, and that is, how are we going to make the decision in patients with gastric ulcers 
in which case we should apply and continue medical treatment, in which not to, and on 
what basis ^ I am well qualified to speak on this subject, since I have promoted over the 
years a set of criteria for applying medical measures to patients with gastric ulcers which 
I would like now to relinquish publicly 

I have said over the years that if a patient with a gastric ulcer showed freedom from 
symptoms, the absence of occult bJoQd- in the stools, and if the lesion disappeared bv 
roentgenologic examination, he could be treated medically I would like to change this 
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position and state that I now believe that every patient with gastric ulcer should have a 
gastric resection, and for the following reasons Our present mortality in the resection of 
no consecutive gastric ulcers is zero, compared with a mortality of 26 per cent in 
approximately 400 subtotal gastrectomies forduodenal ulcer and 2 2 per cent in 
approximately 100 consecutive subtotal gastrectories for jejunal ulcer I believe that all 
gastric ulcers should be resected because we have found it impossible in doubtful cases to 
be sure that patients come back often enough to be checked adequately against malignancy 
and too many of them, when they have returned because of distressing symptoms, have 
been found to have an inoperable malignancy I believe that the situation with gastric 
malignancy is so depressing that, particularly when subtotal gastrectomy for gastric 
ulcer can be done with such a low mortality, enough early carcinomas will be discovered 
to make the operation worth while I believe in any lesion in which the pathologist 
himself, unless he makes serial sections, is often unable to determine whether or not 
malignancy is present, that there are no methods by which surgeon, gastroenterologist 
or medical man can be sure that he is not carrying on medical treatment in one out of ten 
patients who may well have cancer of the stomach 

There is no question but that there will be some ulcers resected which could have 
been treated medically, but the fatality percentage in this group from subtotal gastrectomy 
will, in my opinion, be infinitely lower than would be the case if some of these patients 
were treated medically and the malignancy overlooked until any prospect of cure by 
surgery was lost 

Dr Henry K Ransom, Ann Arbor, Mich (closing) I wish to thank Drs Graham, 
St John and Lahey for their comments Dr St John mentioned some of the difficulties 
encountered in the follow-up work This has been true especially in our group listed as 
“good” results These patients have been relieved of their original complaints but have 
some residual symptoms of different sorts On careful examination many are found to 
have other diseases such as gallstones, syphilis, heart disease, etc , which could account for 
some or all of their symptoms 

An evaluation of the results of surgical treatment must take into account the 
operative mortality Our mortality for this series was 7 9 per cent I am glad that Dr 
Lahey emphasized the point that at the present time this has fallen to a low level as 
evidenced by his excellent record of no deaths in a large group of cases 

One of the difficulties encountered after operation in certain patients is the syndrome 
sometimes referred to as the dumping stomach These individuals experience a feeling of 
weakness, sweating and cardiac palpitation after meals In certain of these cases we 
have found the condition of alimentary functional hypennsulinism The fasting blood 
sugar IS normal but after the ingestion of glucose, the level at the end of the first hour 
rises far above the normal reading This is presumably due to the rapid filling of the 
jejunum with chyme due to loss of the pyloric mechanism In turn, an unusually rapid 
absorption of dextrose takes place The high blood sugar then stimulates the normal 
islet cells of the pancreas to an excessive release of insulin which brings the blood sugar 
down to hypoglycemic levels at the end of the second or third hour Thus instead of 
being about 65 mg per cent at this time it is often as low as 35 or 40 mg per cent This 
mechanism seems to offer a plausible explanation in some patients for the train of 
sjmptoms often referred to as the dumping syndrome In our experience the best treat- 
ment consists in the use of a high-protein, low-carbohydrate diet 
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The first attejMPts to treat peptic ulcer surgically by gastric denervation, 
produced results which were difficult to evaluate These indifferent reports, 
the different kinds and degree of denervation attained, the lack of understand- 
ing of the rationale, and the failure to pursue the problem further, apparently 
caused the procedure of vagotomy for peptic ulcer to remain obscure ® In 
recent yeais, however, the procedure has been revived in a different light, 
based upon a better understanding of the physiology of the stomach and of the 
ultimate cause and mechanism by which peptic ulcer is produced ® 

It IS the opinion of many that the ultimate cause of the lesions is secondary to 
(i) alterations of psychogenic or neurogenic origin, (2) alterations of the func- 
tions of cells of internal or external secretion, (3) local alterations of the 
mucosal anatomy or physiology of the affected mucosa, or (4) a reduction of 
the constituents of gastric contents produced by other organs, viz , hepatic, 
duodenal, salivary, or pancreatic secretions Likewise, it is generally believed 
that the mechanism of ulcer production is the proteolytic activity of the gastric 
contents versus the mucosal resistance to devitalization and ulceration 

With the revival of this neglected procedure, comes the repeatedly demon- 
strated observation that complete section of the vagus nerves to the stomach 
does permit rapid healing and prolongation of remission of benign peptic 
ulcer ^ 3, 14 It ig strongly felt that this favorable therapeutic response 

comes from an attack upon the mechanism of ulcer production, and more spe- 
cifically, upon the proteolytic or peptic activity of the gastric contents That 
continuous and prolonged reduction of peptic activity is necessary to obtain a 
therapeutic response is evident from the fact that if the ulcer is to heal, it must 
be given sufficient time This healing time is achieved not by a temporary 
adequate reduction but by a sufficiently prolonged reduction of the peptic power 
of the gastric contents Since peptic power is dependent upon products of 
gastric function, 1 e , acid and pepsin, then the effect of vagotomy upon function 
could explain the therapeutic response 

The effect of complete parasympathetic denervation of the stomach is a lack 
of secretory and motor response to vagus stimulation, te , the cephalic phase 
IS abolished The response to humoral secretagogues, however, is not pre- 
vented by such denervation The stimulation of intact vagi to the normal or 
ulcerated stomach produces a copious secretion of gastric juice high in pro- 
teolytic activity as well as an increase m gastric mot ility The prevention 

^ Read before the Meeting of the American Surgical Association, March 2K-27 iqav' 
Hot Springs, Va 
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of this stimulus to gastric function, therefore, would abolish the cephalic phase 
and the part it plays in the mechanism of ulceration On the other hand, since 
gastric contents can be strongly proteolytic in the absence of vagus stimulation. 
It remains to be shown that a complete vagotomy will always produce a suffi- 
cient reduction in the peptic activity to permit an ulcer to heal or prevent its 
recurrence 

PURPOSE 

The purpose of this report is (i) to point out the fallacies of continuous 
gastric suction as a method for determining the volume of gastric secretion, (2) 
to describe briefly a new method for measuring the function of the human 
stomach, and (3) to present graphical data showing the usual response to some 
stimuli of the nervous and humoral phases of gastric function before and after 
vagotomy The functions studied are (i) rate of secretion, (2) rate of empty- 
ing, (3) pH of secreted gastric contents, and (4) digestive power of secreted 
contents 

MATERIA!. 

The material studied consisted of 30 patients Twenty-one were operated 
upon above the diaphragm, and nine below Postoperative tests and clinical 
responses indicated that a complete vagotomy was achieved in each instance 

METHOD 

A common method for measuring the volume of gastric secretion depends 
upon the complete recovery, by continuous suction on a stomach tube, of the 
total volume of juice secreted This method is unsatisfactory because (i) a 
large portion of the secretion is emptied through the pylorus and therefore is 
not recoverable, (2) if any duodenal regurgitation occurs at any time during 
the period of continuous suction, it will be recovered in part and will increase 
the volume aspirated, (3) during a period of prolonged suction, or while the 
subject IS asleep, saliva will also enter the stomach and be recovered, and 
finally (4) it is difficult to empty completely a stomach if the subject remains 
in one position during the period of aspiration 

The method employed in these studies for the quantitative determination of 
human gastric function has been reported elsewhere It consists of injecting 
into the empty stomach an isotonic solution containing a known amount and 
concentration of an indicator (phenol red), and after a 15-minute period 
aspirating the entire gastric residual contents From the values of quantity 
and concentration of indicator injected and aspirated, can be calculated the 
average rates of gastric secretion and emptying du.mg the test period Evi- 
dence for the validity of the method has been obtained Figure i is a simple 
graphical representation of the principles upon which the method is based 
It IS obvious that if the quantity of indicator in the stomach contents remains 
unchanged, no emptying has occurred If the concentration decreases, then 
there is dilution of indicator by gastric secretion From the middle graph, if 
the concentration of indicator remains unchanged, no secretion has occurred 
But if the quantity deci eases, then there is loss of indicator by emptying of 
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gastric contents through the pyloius li both the concentration and quantity 
are decreased, then both secretion and emptying have occurred The concen- 
tration of indicator injected and aspirated is determined by an electric color- 
imeter after precipitating proteins and bile, if any is present The volumes 
injected and aspirated are measured, and the quantity of indicator content is 
then calculated Co = indicator concentration of injected solution, and Wo = 
quantity (weight) of indicator injected Ct and Wt are concentration and 
quantity at the end of a test period Calculations of pH and peptic activity of 
secreted contents can readily be made 


RELATIONS BETWEEN SECRETION, EMPTYING & INDICATOR CONTENT 
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Fig I — Principles of Method for the quantitative determination of 
volumes of gastric secretion and emptying 


RESULTS 

The results of this study are represented by (i) data obtained from the 
same patient before and after vagotomy in response to nervous and humoral 
stimuli of gastric function, and (2) the average secretory response to insulin 
hypoglycemia (a potent stimulus to vagus function) 111 six subjects without 
vagotomy and in seven with vagotomy Figure 2 shows the effect of the 
subcutaneous injection of o 275 mg of histamine acid phosphate upon the 
secretory and emptying rates Both secretory rates responded with an increase 
following the injection of histamine before and after vagotomy This response 
IS to be expected, because histamine is a humoral secretagogue and its action 
upon gastric function is independent of intact vagi Before vagotomy, the 
increase of emptying rate in response to histamine may have been a conse- 
quence of a greater volume of gastric contents produced by the increased 
secretory rate Figure 3 shows the effect upon the pH and peptic power of 
the secreted contents in response to the same drug There was a marked 
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increase in the concentration of pepsin and hydrochloric acid (decrease of pH) 
before and after vagotomy This response shows again that histamine acts 
independently of the vagus nerves Notice the non-parallel relationship 
between curves of secretor}’’ rate and pH 

The response of gastric function to sham feeding before and after vagotomy 
IS shown m Figure 4 The same subject chewed an orange during the period 
indicated without swallowing any of it Preoperatively, there was an increase 

SECRETORY & EMPTYING RATES IN RESPONSE TO HISTAMINE 


SECRETORY RATES EMPTYING RATES 



Fig 2 — Patient J S Preoperative test done while patient had an active 
duodenal ulcer Postoperative test 64 days after complete vagotomy with no 
evidence of ulceration Note response to histamine and the marked reduction 
of pre-histamine (basal) rates after vagotomy 


in the secretory and emptying rates Postoperatively there was no response 
following the sham feeding These data demonstrate the absence of the cephalic 
phase of gastric function in a subject with vagotomy Figure 5 shows the 
effect upon pH and peptic power of the secreted contents in response to the 
sham meal Preoperatively there was a marked increase in the concentration 
of pepsin and hydrochloric acid after the feeding Postoperatively, the pH 
remained unchanged, while the peptic power actually decreased This again 
demonstrates the absence of the cephalic phase of gastric function in a subject 
with vagotomy 

A comparison of the control values (Fig 2, 3, 4, 5) reveals that all the 
functions studied were diminished postoperatively There was a smaller per- 
centage reduction in peptic power than in any of the other three functions 
Emptying rates and acidity were most reduced During the preoperative his- 
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tamme study, the subject had an active duodenal ulcer, and his control secre- 
tory rate was 3 cc per minute At the time of the preoperative sham meal 
study, the ulcer was inactive and the control secretory rate was i 2 cc per 
minute, showing that gastric secretion during exacerbation was two and one- 
half times the rate during remission After vagotomy, the control secretory 
rate was only about o 45 cc per minute which is but 1 5 per cent of the control 
rate at a time when the ulcer was active This reduction of secretory rate is 
the goal of vagotomy, for with no cephalic phase of secretion, the entire burden 



MINUTES 

Fig 3 — Patient J S Preoperative test done while patient had 
an active duodenal ulcer Postoperative test 64 days after complete 
vagotomy with no evidence of ulceration Note response to hista- 
mine and the reduction of prehistamine (basal) peptic power and 
acidity (increase of pH) after vagotomy 

of stimulating the production of sufficient hyperactive digestive juice rests with 
other secretory stimulants, eg , humoral secretagogues In the majority of 
people these secretagogues apparently are not capable of stimulating the pro- 
duction of enough proteolytic juice of sufficient activity to produce or maintain 
a peptic ulcer 

Figure 6 shows the secretory response to insulin hypoglycemia before and 
after vagotomy Seven tests were done on six subjects without vagotomy, and 
eight tests were done on seven subjects with vagotomy This is unselected 
data and includes all tests done In each person before vagotomy, the secretory 
rate was markedly increased after the injection of insulin Whereas, post- 
operatively each person responded with a slight but definite decrease m the 
rate of gastric secretion following the injection of the drug An explanation 
for this response is, that the hypoglycemia following the injection of enough 
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insulin strongly stimulates the vagus nuclei in the medulla This in turn stim- 
ulates the intact vagus nerves to release acetylcholine at the synapse of the 
nerve endings with eflfector cells of the stomach The acetylcholine then acts 
upon the secretory and motor cells to stimulate their activity, which results in 
the production of secretion and motility It follows from this, that if the vagi 
to the stomach are severed, then the stimulus propagated along the nerve will 
never reach the stomach, and consequently there will be no increase of gastric 
function due to stimulation of these nerves by the hypoglycemia These data 
indicate that the insulin test, when properly employed, appears as a satisfac- 
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Fig 4 — Patient J S Preoperative test done while patient was 
in remission from duodenal ulcer Postoperative test done 64 days 
after complete vagotomy, with no evidence of ulceration Note 
response to the sham-feeding and the reduction of pre-sham-meal 
(basal) rates after vagotomy 

tory means for determining whether or not the stomach has been sufficiently 
denervated 

In Figure 6 it can be seen that the average control secretory rate pre- 
operatively was 3 25 and postoperatively 2 09 cc per minute This represents 
a 36 per cent reduction of the average basal gastric secretion in response to 
vagotomy However, it has been shown that there is no correlation between 
the rate of secretion and the concentration of pepsin or hydrochloric acid of 
the secreted contents For example, in response to histamine there may be an 
increase in concentration of hydrochloric acid with no increase m total secre- 
tory rate Therefore, it should be stressed that the volume of secretion pro- 
duced pe) se gives no indication of the proteolytic power of the gastric con- 
tents With this m mind, and again referring to Figure 6, it should be noted 
that the basal secretory rate in a person without vagotomy (note preoperative 
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pH AND PEPTIC POWER IN RESPONSE TO SHAM FEEDING 



MINUTES 

Fig 5 — Patient J S Preoperative test done while patient was in remis- 
sion from duodenal ulcer Postoperative test done 64 days after complete 
vagotomy with no evidence of ulceration Note response to the sham-feeding 
and the reduction of the pre-sham-meal (basal) peptic power and acidity 
(increase of pH) after vagotomy 

SECRETORT RATES FOLLOWING INSUUN HYPOGLYCEMIA 


7 

PRE-VACOTOMY TESTS 



Fig 6 — In each of the seven preoperative tests there was a 
marked increase m secretory rate in response to insulin hypogly- 
cemia In each of the eight postoperative tests there was a reduc- 
tion of secretory rate after injection of the drug Note that the 
average post-vagotomy pre-insuhn (basal) rate was 36 per cent less 
than the average preoperative pre-insulin (basal) rate Also note 
that the maximum postoperative pre-insulin (basal) rate is higher 
than the minimum and average pre-vagotomy pre-insulin (basal) 
rates Solid lines represent the average of all tests Broken lines 
represent the maximum or minimum tests 
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control rate of minimum curve) may be considerably lower than the basal rate 
m another person with vagotomy (note postoperative control rate of maximum 
curve) The inference to be diawn from these comparisons is that preoper- 
atively a low rate of basal secretion is no contraindication to vagotomy for 
peptic ulcer because the peptic power may be high And likewise, a high rate 
of basal secretion postoperatively is no criterion for incomplete vagotomy 

STOEMARY AND CONCLtTSIONS 

1 The mechanism for the pioduction and maintenance of peptic ulcer is 
the proteolytic activity of the gastric contents veisus the mucosal resistance 
to devitalization and ulceration 

2 The fallacies of continuous gastric suction as a method for determining 
the volume of gastric secretion have been pointed out 

3 A satisfactory method for the quantitative determination of human gas- 
tric function has been reviewed briefly 

4 The gastric secretory response to histamine, a humoral secretagogue, is 
not prevented by complete vagotomy Therefore, a vagotomized stomach is 
still capable of producing active digestive juice 

5 Complete vagotomy reduces gastric secretion and emptying by abolishing 
the cephalic phase of gastiic function Peptic activity is least i educed 

6 The basal secretory rate of six persons was reduced by an average of 
36 per cent m response to vagotomy 

7 In one person, the basal secretory rate fell from 3 cc per minute during 
a period of exacerbation of duodenal ulcer, to i 2 cc per minute during remis- 
sion In this same person, the rate was decreased to o 45 cc per minute after 
vagotomy 

8 The insulin test for complete vagotomy appears to be satisfactory when 
properly employed 
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VAGUS RESECTION FOR ULCER AN INTERIM EVALUATION* 

II Climcal Results 
Francis D Moore, M D 

Bostok, Massachusetts 

In the previous paper of this series^ the operative technic, postoperative 
management, and hospital morbidity and mortality of vagus resection for ulcer 
have been described In this paper it is our purpose to present the clinical 
results in these patients two to 30 months postopeiative 

1 CLINICAIi DATA 

The study of vagus resection at the Massachusetts General Hospital com- 
prises at the present time a group of 84 patients who have had this operation 
performed These patients divide themselves into two groups 41 patients 
who were cared for on the chanty wards of the Massachusetts General Hos- 
pital , and 43 patients from the private wards of the hospital who were under 
the care either of the author or of other members of the surgical staff f 

There are four patients in this group who have had vagus resection for 
diseases other than peptic ulcer Six patients have been operated upon too 
recently to be of value m any consideration of clinical effects The remaining 
74 patients will form the subject of this discussion 

It IS, of course, of no significance to use the term "end-result” m a study of 
ulcer therapy dating back only two and one-half years Yet an appraisal of 
the present status of these patients is of the greatest necessity at this time 

The interim results in these patients have been evaluated by a careful 
clinical follow-up In addition, within six weeks preceding the preparation 
of this manuscript, questionnaires were sent to all the patients The return 
from these questionnaires included 97 per cent of the group On the basis of 
these questionnaires plus the impressions of the physicians who have been 
following the patients, the clinical results have been ascertained It should be 
emphasized that the questionnaire asked questions concerning the patient’s 
ulcer pain, incisional pain, diarrhea, indigestion, and, m addition, gave the 
patient ample opportunity to express any further thoughts concetnmg the 
effects of the procedure on himself 

Follow-up x-rays have not been taken m all cases This procedure has not 
been felt necessary unless the patient complained of an ulcer pain or had other 
disturbing symptoms In three instances ulcer pam or bleeding occurred post- 

* Read before the Meeting of the American Surgical Association, March 25-27, 1947, 
Hot Springs, Va 

t The author wishes to express his indebtedness to Dr Arthur W Allen, Dr Leland 
S McKittnck, Dr Richard H Sweet, Dr Marshall K Bartlett, Dr Robert R Linton, 
Dr Claude E Welch, Dr Edward Hamlin, and Dr Lamar Soutter for their help and 
cooperation in making available for this study the clinical results in their own pri- 
vate cases 
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operatively, but by the time the patient was seen or admitted to the hospital 
all symptoms had receded and a negative x-ray has been o£ little significance 
in evaluating the symptomatic episode 

Results from these cases have been classified into three categories 

a “Poor” Results Patients have been adjudged to have a poor result 
if they had a frank recurrence of the ulcer, if they had ulcer pain or bleeding 
symptoms, or both The classification of poor results may be considered m 
essence to include cases which have shown some evidence of recurrence, 
although at the actual time they were surveyed, they may not have had 
such symptoms 

b “Fan” Results Fair results have included those patients m whom 
some postoperative event occurred which detracted very materially from 
any benefit conferred by the operation In most instances, these difficulties 
disappeared within a short time, and the final result was satisfactory to 
the patient, yet the presence of transient major difficulties would prevent 
the result from being classified as good In a few patients having “fair” 
results the final result at the time of this writing is unsatisfactory to the 
patient or to the physician, although the ulcer has remained healed 

c “Good” Restdts Results are classified as good if the patient himself 
IS satisfied with the result of the operation, if he has maintained himself 
free from symptoms without diet, and if the gastro-mtestmal side-effects of 
the operation were not significant enough to cause him discomfort during 
more than a normal period of convalescence such as one might experience 
after any operation 

This grouping arises in part from the viewpoint of the patient, in the final 
analysis the only person able to judge the symptomatic result in a disease the 
course of which over many years may be benign 

This grouping of cases according to clinical result is shown m Figures 1, 
2, 3, and 4 Of the 74 cases, 87 per cent have a result satisfactory by the most 
rigid criteria 

Among the “pooi” results is included a patient who had a retained gastric 
antrum removed before he became well ^ This patient is now well and at 
work The case of recurrent ulcer with bronchogenic carcinoma is enigmatic 
The patient is asymptomatic, whereas, before vagus resection symptoms were 
very severe His duodenal ulcer is present by x-ray only He has had a 
total pneumonectomy and the state of his duodenum, when he has recovered 
from this difficulty, will constitute the significant interim result The other 
three patients in the “poor” result group have had ulcer symptoms eight to 
30 months postoperatively and must be considered as failures, at least'’at this 
point Their future course will be cause for considerable interest and concern. 
The 13 patients with "fair” results may be grouped according to the 
satisfaction of the patient with the present state of affairs Eight of the 13 
are at present satisfied, though their course has been marred by undesirable 
events as shown in Figure 4 Five of these patients have had so much difficulty 
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With side-effects that their result must be judged unsatisfactory by any stand- 
ards It IS of interest that some patients regarded as having unsatisfactory 
results m a previous report^ have now cleared up their troubles and are well, 
at work, and satisfied This intei mediate classification is, therefore, a shifting 
one , It represents the status of patients at this phase of their convalescence and 
may increase or decrease m importance as time goes on 

MASSACHUSETTS GENERAL HOSPITAL v 
VAGUS RESECTION 
8-1-44 TO 2-1-47 


TYPES OF CASES 



Fig I — Types of ulcer cases treated by vagus resection 


The histones of a few patients who are classified as having "fair” or "poor” 
results may be helpful in understanding what is meant by these classifications 

CASE REPORTS 

Case 1 — M G H Unit #390253 This patient first presented himself at the hospital 
three years ago at the age of 22 He was studied in the Out Patient Department 
because of the presence of ulcer symptoms and a demonstrable duodenal ulcer by x-ray 
In July of 1945 the patient was admitted to the hospital because of intractability of his 
symptoms It was found that there were many factors in this patient’s background con- 
ducive to conflict, environmental and psychologic factors which might well be of consid- 
erable importance Because of his lack of obstruction and the presence of an active 
ulcer, he was considered a good patient for vagus resection However, the Psychiatric 
Service felt they might be able to help the patient and for that reason he was 
admitted to the Psychiatric Service and treated intensively for approximately three weeks 
At the end of this time he had healed his ulcer and the patient was symptom-free 

Following discharge, the patient remained well for a month and one-half, at which 
time, having returned to the situation at home in which there were many difficult social 
and financial factors, the patient’s ulcer pain returned The patient noticed that his pam 
was made worse by worry, spices, or rich food He noticed slight red blood m his stools 
on several occasions, although he never had massive hemorrhages Barium enema was 
negative It was decided at this time that he should have a vagus resection and on 12 6 45 
e had a transthoracic transdiaphragmatic vagus resection 
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The patient’s immediate postoperative course was marred by a transient episode of 
vomiting on the 9th postoperative day, possibly the result of advancing his diet too 
rapidly However, he recovered from this and was discharged on the i6th postoperative 
day X-rays at the time of discharge showed atony of the stomach and duodenum up to 
the ligament of Treitz in a fashion seen in other cases The pylorus was not abnormally 
“spastic ” 
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Fig 2 — Overall clinical results 
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Fig 3 — ^Analysis of “Poor” results 


Two days before leaving the hospital, but unbeknownst to his doctors, the patient 
began to develop diarrhea and for approximately four months the patient had an extremely 
intractable diarrhea, possibly the most severe diarrhea seen in this series However 
espite this diarrhea, he gained five pounds during this time and did not show gross 
disorders of his plasma chloride or nutritional disturbances At the time his diarrhea was 
stomacT'"^’ re-x-rayed and still showed striking motility disorders in the 

He was re-admitted to the hospital in May of 1946 for routine re-evaluation At this 
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time his ulcer was still healed, the gastric picture was returning to normal by x-ray and 
he was gaming somewhat more weight In September and November of 1946 he was 
seen in the clinic and each time showed some weight gam, but he had begun to have 
occasional “ulcer pains ” He stated that they were mild and like hunger sensations He 
had also noticed that under certain circumstances he had discrete short bouts of diarrhea 
again However, he was at that time fairly well satisfied 

This patient’s general comments on his recent questionnaire may cast some light on 
his problem “Whether or not the operation was a success, I cannot say for sure During 
the last month and one-half I have had much pain Why is it that these pains come 
back? I have had to give up a very good position because of physical inability to do the 
work My weight has not improved to any great degree The more I think of things 
which are bothering me, the more I get pain Even if I eat right away, the pain abates, 
but does not go away ’’ 

Here, then is a patient who must be classed as a “poor” result because of 
the return of pain which is similar to ulcer pain and who, in addition, had very 
disturbing diarrhea for a four-month period In retrospect, the patient tends to 
discount the diarrhea, but regards his present pain as a major factor His 
repeat x-rays for question of recurrence fail to reveal an ulcer crater 

Case 2 — G H Unit #479283 A 41-year-old patient who first presented himself 
at the hospital on 2 1245 with a diagnosis of jejunal ulcer The patient had a long and 
complicated ulcer history, including the performance of a posterior gastro-enterostomy 
which was later taken down and replaced in 1939 by an anterior gastroenterostomy At 
the time of admission he had a large jejunal ulcer and was operated upon 2 26 45 at which 
time a vagus resection was carried out The patient was discharged on the iith post- 
operative day, completely relieved of his symptoms and remained an excellent clinical 
result until June of 19461 approximately 15 months postoperatively Throughout this 
period the patient reported frequently to clinic, re-entered the hospital twice for routine 
kymographic and acidity studies and remained one of the dramatic results in the senes 
In June of 1946 the patient overimbibed alcoholic beverages and was admitted to another 
hospital with acute hemorrhage from the gastro-intestinal tract which subsided quickly 
on therapy and bed rest The bleeding was not massive and the patient was never in 
shock He signed out against advice from the other hospital and returned to our care 
on I 2 47 for study At this point he was approximately 21 months postoperative He 
was well at this time, had no symptoms of ulcer He had no jejunal ulcer by x-ray, 
though there was one aiea of slight stiffening of the jejunum The patient had an 
inguinal herniorrhaphy at this time, was followed in the clinic and has remained well 

This patient remains a good result as far as the patient himself is concerned 
He must be included in the “pooj” results because he had an episode of 
bleeding which was presumably due to ulcer This emphasizes the critical 
nature of this classification We must presume him to have had difficulty with 
ulceration unless definitely proven otherwise 

Case 3— M G H Unit #43331 1 A 42-year-old patient who first presented her- 
self at the hospital on i 1 1 44 with the diagnosis of Raynaud’s disease, hiatus hernia, 
esophageal ulcer and duodenal ulcer This complicated situation was treated by vagus 
resection carried out 8444 She was the second patient to be operated on at this hos- 
pital by vagus resection Vagus resection was chosen because it was felt that it might 
control both the esophageal and duodenal ulcers, although all concerned realized that a 
new operation was being applied to a rather complex situation 
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The patient’s postoperative course was good for the first few months However, after 
this time the patient began to complain of intermittent symptoms of fulness and had the 
symptom of regurgitation up her esophagus which bothered her tremendously She 
returned to the hospital on 4 16 45 because of diarrhea and abdominal cramps At this time 
obstruction to the outlet of the stomach was not striking and while in the hospital the 
patient’s gastro-intestmal symptoms were mild However, her Ra3maud’s disease was 
bothering her considerably so bilateral dorsal sympathectomies were earned out Follow- 
ing this the patient was seen m the clinic and had a variable clinical course X-rays taken 
at one point showed a recurrence of the esophageal ulcer, at a later occasion this could 
not be found No clearcut recurrence of the duodenal ulcer was ever found, though in 
January of 1947, approximately 30 months postoperatively, the patient was very ill at 
home with a bout of vomiting which, m one day, changed from coffee grounds to bright 
red blood, with difficulty in swallowing This picture passed off spontaneously m about 
one week, at the end of which time the patient came to the hospital, x-rays were taken, 
again no ulcer could be found, and there was no significant obstruction 

This IS a patient whose checkered career postoperatively and the presumed 
recurrence of ulcer with bleeding makes it necessary to include her m the 
“poo')'’’ result group Not only is she a poor result from the standpoint of the 
physician, but she herself is poorly satisfied with the results of her surgery In 
retrospect, it Is probable that a subtotal gastrectomy might have given her a 
better result, though some of her esophageal symptoms might have persisted 
even under those circumstances 

Case 4 — M G H Unit #502947 A 31-year-old patient first admitted to the 
hospital on 9 5 45 with a five-year story of duodenal ulcer with some symptoms of vomit- 
ing, treated unsuccessfully by an internist, with periods of hospital management Vagus 
resection was carried out on 9 20 45 and the patient left the hospital on the 9th postoper- 
ative day, having had an exceptionally smooth course, taking a satisfactory diet On 
2 22 46, approximately five months postoperatively, the patient returned to the hospital 
because of vomiting and a presumptive diagnosis of pyloric obstruction was made How- 
ever, x-ray showed that obstruction was not at the pylorus but instead in the third portion 
of the duodenum at the point where the mesenteric vessels crossed the bowel The duo- 
denum^ up to this point was quite widely dilated The patient did well while he was in 
the hospital, took satisfactory diet without vomiting, returned home and was well for 
three more months until S 1 1 46 when he returned with the same syndrome, both sympto- 
matically and by x-ray Treatment with acetyl beta methyl choline was unavailing and, 
therefore, on 5 17 46 a posterior gastroenterostomy was carried out, since which time the 
patient has been well, at work, gaming weight, and satisfied with the result 

This patient is included in the results, in the subgroup of those in 

which the final result is satisfactory to the patient He cannot be considered a 
good result because of the development of symptoms which required additional 
surgery His present status is satisfactory 

Case 5 — M G H Unit #344702 This patient was first seen in this hospital in 
^942 at the age of 42 with duodenal ulcer and a colloid goiter She had a subtotal thy- 
roidectomy With an uneventful convalescence In 1946 she again entered the hospital with 
duodenal ulcer this time complicated by uterine bleeding of unknown source At this point 
It was noted that her ulcer had not done well on medical treatment She was treated for 
her endocrine difficulty and given a six-meal bland diet and creamalin for her ulcer pain 
She was re-admitted four months later m July of 1946 with still further bleeding and 
intensification of her ulcer pain Because of the fact that her uterine bleeding had not 
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been controlled by endocrine therapy, a total hysterectomy was earned out Her ulcer 
pain continued as an extremely intractable type of symptom It was noted that her ulcer 
symptoms were related to the deplorable situation of her home affairs and in her marital 
relationships As a personality, the patient appeared to be mildly psychoneurotic, most 
strikingly so when she was having severe pain At times when she was free of pain she 
was pleasant and agreeable, and seemed to have a rather good insight into the nature of 
her difficulties On 8 15 46 a transthoracic transdiaphragmatic vagus resection was car- 
ried out The patient showed no difficulty in getting up to a proper diet An x-ray 12 
days postoperatively showed typical changes in gastric motility, but were otherwise not 
remarkable She began to have diarrhea at the time she left the hospital, but she had been 
free of pain throughout her short postoperative course 

She was re-admitted to the hospital, however, about one week later because of a 
severe exacerbation of her diarrhea, up to 12 to 14 movements a day She was treated 
with belladonna and tincture of opium as well as a constipating type of diet, and improved 
to some extent, so that two months later she was having only one or two bowel move- 
ments a day but still had a ‘‘nervous feeling” in her stomach 

The answers to her questionnaire indicated that she had had some ulcer pain post- 
operatively whenever she took medicine for her diarrhea Her chest pain was a minimal 
factor She had feelings of indigestion and fullness with gas and belching She had no 
vomiting She regarded these symptoms as a major factor and deterrent to the 
effect of the operation Her diarrhea remained a problem which came and went, appar- 
ently related to emotional strain She also had trouble sleeping at night She stated that 
although her ulcer pain was better since the operation, the other symptoms which she 
had acquired constituted a serious disturbance 

This IS a patient in whom the gastro-intestinal side-effects of the operation 
constituted a major drawback to her operative result and m whom only a "jatf” 
result can be claimed 

2 SIDE-EFFECTS OF THE OPERATION 
a Diarthea The most common gastro-intestinal side effect of this opera- 
tion IS diarrhea We did not realize the frequency of this symptom until the 
present questionnaires were sent to the patients Many patients have diarrhea 
of such a minor and transient sort that they do not remember to mention it at 
their office or clinic visits However, m filling out a questionnaire m which 
there were several questions concerning diarrhea, it was of interest to observe 
that over half of the patients who have had vagus resection have had signifi- 
cant diarrhea at some time or other during their postoperative career There 
IS no clear-cut correlation between the presence of diarrhea and the presence 
or absence of a gastro-jejunal stoma It has been our experience that the 
diarrhea is usually associated with poor gastric eiuptying One rather dra- 
matic instance showed up the relationship between these two This is a 
patient who had a dilatation of the stomach postoperatively At the time his 
gastric dilatation disappeared the patient stated that his stomach felt better 
and that he was “putting things through ” These feelings were associated with 
a striking decrease m his gastric residual On the same day that his stomach 
began to empty he began to have diarrhea — six or seven movements a day — 
which lasted for four or five days Many other patients have given the story 
that at the time they have diarrhea, they also feel distended, may have pain 
m the tip of the left shoulder, indicating diaphragmatic irritation, and often tell 
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of the eructation of offensive-smelling material This would suggest that the 
diarrhea is a colonic manifestation of intermittent gastric emptying inter- 
spersed with periods of gastric stasis Evidence indicating that in some cases 
It may be an “ulcer-equivalent” is presented below 

All these facts taken together might lead one to expect that performing 
posterior gastro-enterostomy in these patients would lessen the incidence of 
diarrhea, or that the pre-existing presence of a gastro-jej unostomy would 
decrease the incidence of diarrhea However, this is not the case The 19 
patients in our series who have had pre-existent or concomitant jejunal stoma 
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ANALYSIS OF FAIR RESULTS 



Fig 4 — ^Analysis of “Fair” results 


have had as much diarrhea as the others and in many cases suffered the same 
epigastric distention and sensation accompanying the diarrhea, as shown m 
Figure 5 

In evaluating diarrhea from the patient’s point of view, one may divide 
the phenomena into three categories 

1 Minor transient diarrhea which is referred to by the patient as “of 
no consequence” (48 per cent of the cases) 

2 Diarrhea which constituted at some point a major problem but which 
disappeared or was diminishing at the time the patient was surveyed (8 per 
cent of cases) 

3 Diarrhea which constituted a major problem, a symptom as impor- 
tant to the patient as his ulcer and whose presence detracted in a major way 
from the result of the operation, (6 per cent of cases) Figures based on 
this classification are shown in Figure 6 

b Emptying Disorders The next common disorder of the gastro- 
intestinal tract found m these patients may be described as “fulness ” This 
symptom may consist of either a mild feeling of discomfort after eating a heavy 
meal, as is so commonly experienced in patients who have had a subtotal 
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gastrectomy, or frequent eructation (often of foul-smellmg material), pain in 
the left shoulder or, in one or two cases, actual visible epigastric bulging This 
IS in every way a less significant symptom than diarrhea and in most patients 
was taken as a matter of course, and was transient 

Here again, these symptoms may be divided into three grades 

1 Transient fulness (56 per cent of cases) 

2 Fulness and eiuctation continuing and still bothering the patient 
(^5 per cent of cases) 

3 Fulness with vomiting, constituting a major pioblem detracting from 
the end-result of the operation (8 per cent of cases) 
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6ASTR0-JEJUNAL STOMA 



Fig S — Motility disorders in the presence of a gastro-jejunal stoma 


Figure 7 shows classification based on the above As in the case of diarrhea, 
a gastrojejunal stoma is no solution to the difficulty, as shown in Figure 5 
c Wound Pam The third category of difficulties which may be experi- 
enced by patients who have had this opeiation is pain in the chest incision 
One must recall that most major thoracic surgeiy is done for malignant 
disease or crippling cardiac or pulmonary disease in which incisional pain 
recedes into the background as a minor side-effect In a patient with 
duodenal ulcer, especially if it has been a painless ulcei which has bled m 
the past, any sort of discomfort or pain is magnified in the patient’s mind 
and becomes a majoi problem The situation is analogous in every way to 
the incisional pain experienced by patients with hypertension It must be 
regarded in a very different light from the incisional pain of patients who have 
been operated on for cancer 

In this senes of patients incisional pam of a major sort was extremely 
rare This is a series of cases operated on almost wholly by the thoracic route 
In all of the transthoracic operations the rib was resected There were no 
intercostal incisions In the questionnaire sent to the patients, full opportunity 
was given them to express their thoughts concerning incisional pain They 
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were quite frank m expressing their reactions relative to diarrhea and othei 
side-effects of the operation, and there is every reason to believe that they would 
be frank and straightforward in their comments about the incision It is 
therefore, of interest and significance to find that only two of the entire group 
stated that incisional pain had ever bothered them more than to a very minor 
extent (Fig 8) 
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Fig 6 — Incidence of diarrhea 


Early ambulation and early motion of the arm are of importance in avoid- 
ing incisional pain If the arm is splinted or put in a sling, or if the patient is 
allowed to favor it excessively for several days, a stiffness and immobility of 
the shoulder joint ensues which is often the source of considerable discomfort 
weeks or months later 

d Miscellaneous Symptoms There is one type of symptom experienced 
by patients who have had this operation which is of interest though it is 
larely very bothersome to the patients, it is a symptom concerning which 
future research might be rewarding This is a symptom which we have termed 
“nervous loading ” It consists of a feeling of nervousness and of unspent 
nervous energy of an uncomfortable sort which the patient experiences at 
times when previously his ulcer would have bothered him Having observed 
such symptoms, the author questioned many of his patients as to whether 
or not they had observed “ulcer-equivalents” in their postoperative activities 
Two patients stated that the distention-diarrhea syndrome was a clear-cut 
“ulcer-equivalent” in their case When they found themselves in a situation 
which formerly had produced epigastric burning and ulcer symptoms, they 
now noticed epigastric fulness and mild diarrhea 
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The suggestion may be made that vagus resection, by “damming up” one 
source of cholinergic outflow from the midbram, may produce some other 
disease m its stead Candidates for such diseases, that have been mentioned, 
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INCIDENCE OF EMPTYING DISORDERS 



NO EMPTYING DISORDER CLINICALLY- 23 CASES SIX OF GROUP 
POST-VAGUS PGE NECESSARY- 2 CASES 2 7X OF GROUP 

Fig 7 — Incidence of emptying disorders 
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INCIDENCE OF INCISIONAL PAIN 



Fig 8 — Incidence of incisional pain 


are ulcerative colitis, bronchial asthma, thyrotoxicosis, and other so-called 
psychosomatic diseases To date none of these diseases has developed, yet the 
“nervous loading” symptoms may be an expression of the outflow of pent-up 
emotional energy which previously found its vent in the ulcer syndrome 
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3 . DISCUSSION 

Vagus resection for ulcer is at the crossroads That it is an effective 
weapon in dealing with ulcer is well known We now know the approximate 
magnitude of its side-effects, if not of its failures From this time forward 
we must try to balance its significant advantages against its shortcomings 
so that we may arrive at an evaluation of lasting significance 

The enigma involved in evaluating this operation is best illustrated by 
the comments of patients themselves Some of the patients are admirably 
satisfied by this apparently simple and physiologic solution to their difficulties 
Other patients have had a great deal of trouble from side-effects and would 
lead one to adverse conclusions Possibly at the risk of introducing unscien- 
tific, though colorful material, we might quote a few of the comments which 
patients have made in association with their questionnaires 


M G H Unit #454977 Male, age 36, duodenal ulcer 30 months postoperative 
‘T have never felt better than I have for the last two years I have even enjoyed my 
food, worked as hard as ever and I have had no pain at all ” 

M G H Unit #480224 Male, age 62, jejunal ulcer 22 months postoperative 
“So far the operation shows signs of being successful I get pains in my back now 
and then, but not to any great account I am able to eat anything without any distress ” 

M G H Unit #488327 Male, age 55, duodenal ulcer, 20 months postoperative 
“I am bothered with gas under the scar on the right side I take one teaspoonful of 
powder after my breakfast and supper” 

M G H Unit #381380 Male, age 41, duodenal ulcer 18 months postoperative 
“Considering the agonizing pains previous to the operation, I now feel the operation 
of vagus resection for ulcer is a great feat” 

M G H Unit #501746 Male, age 38, jejunal ulcer 16 months postoperative 
“The only thing I can complain about is gas Sometimes after I eat I have a feeling 
of fulness, discomfort, and vomiting If I cut down on my meals, I find I will not be so 
apt to have it My general health has been very, very good and I am certainly free 
from ulcer pain” 

M G H Unit #193174 Male, age 31, duodenal ulcer 12 months postoperative 
“For about three or four weeks after the operation I had trouble swallowing food 
It always felt as though I swallowed wrong, but that condition disappeared For about 
nine months I had a pain in the left side of my neck I now weigh around 148 pounds 
as to 135 before I eat everything, drink anything with no ill effects ” 

M G H Unit #488323 Male, age 35, duodenal ulcer 12 months postoperative 
“For about three weeks after I came home I had the diarrhea Our family doctor 
gave me two different kinds of medicine, the name of which I don’t recall It took about 
three weeks before it stopped It was so bad that water would go right through me 
Then when that stopped, I started vomiting about once a day, sometimes twice a day 
This gradually got better It took about two months for this to get better My back never 
bothers me at all It felt numb for a while and for quite a while after I went back to 
work, I used to get sick to my stomach every time I would do any stooping, but right 
now I never felt better in my life I have never had any of those ulcer pains any more ” 


These fragmentary quotations illustrate the hesitancy which one must 
exercise before assigning a "good” result to a patient simply because his 
ulcer symptoms have disappeared 
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If one treats a man of forty, suffering from an unobstructmg painful duo- 
denal ulcer, by subtotal gastrectomy, he is deliberately turning his back on 
the possibility that an excellent result may be produced by a simple physiologic 
procedure ■which does not interrupt the continuit)’^ of the gastro-mtestinal 
tract The surgeon is also assuming the risk of a hospital mortality, which, 
while low IS far from negligible He may also encounter complications relative 
to function of the stoma, nutritional difficulties, anemia, “dumping” syndrome 
and other side-effects of gastrectomy w'hich are every bit as bothersome to the 
patient as the side-effects of vagus resection 

In the last anatysis, vagus resection must compete with subtotal gas- 
trectomy as the operation of choice m intractable ulcer As time goes by, we 
can hope that critical analyses of the side-effects and failures of subtotal 
gastrectomy wull become available m increasing numbers ® The literature on 
subtotal gastrectomy has perforce often dealt wuth hospital mortality,^ or the 
laboratory rationale of the pi ocedure Unfortunatel}^ neither of these con- 
siderations are particularly appropriate in comparing the operation with 
vagus resection The hospital mortality of subtotal gastrectomy will probably 
ahvays be higher than vagus lesection, providing both operations are essayed 
by surgeons of comparable ti aining This condition arises simply from tbe fact 
that in vagus resection the gastro-intestinal tract is not entered or transected, 
and vagus resection is not applicable to those types of ulcer which produce 
much of the gastrectomy mortality rate such as acute massive hemorrhage or 
advanced cicatricial obstruction 

The low' mortality of vagus resection cannot alone justify its perform- 
ance The operation must be able to show results wdiich are as good as or 
better than subtotal gastrectomy m order to replace the latter It is unlikely 
that in any large series of cases posterior gastro-enterostomy can be 
performed with or following vagotomy without somew'hat increasing the 
hospital morbidity and mortality from the vagus resection ® If this is the 
case, one would again be led away from gastro-enterostomy as an adjunct 
to vagus resection 

Possibly vagus resection will finally come to occupy the role of a “clean- 
up” procedure to put to right the failures of other forms of surgery This 
IS a view' with which the author is not m agreement If vagus resection can 
stand on its own merits, it will have usefulness If it has failures, those 
failures w'lll most likely occur in patients w'ho have had gastro-enterostomy, 
either w'lth or without subtotal resection Therefore, vagus resection used to 
“clean-up” the jejunal ulcers following other procedures, while of temporary 
benefit, may not be of lasting worth The use of vagus resection as a secondary 
procedure w'lll stand or fall w'holly upon this consideration is vagus resection 
a sound procedure for ulcer by itself, unaided and unhindered by previous or 
subsequent gastric surgery ^ 

Careful w'ork in several clinics has now been going on for a period between 
three and four years ‘ The perspective of time will be needed to help us 
make a decision as to the final place of this operation Its injudicious perform- 
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ance for gastric ulcer, the indiscriminate use of gastro-enterostomy with 
the procedure, hasty operative technique with inadequate section of the nerves, 
and operation on patients who are inadequately studied and inadequately 
followed, are all to be condemned as features which will prolong the difficult 
phase of evaluation of this operation The statement has been made that 
“■'^agotomy is not an experiment that should be undertaken simultaneously in 
many quarters This statement is most assuredly a wise one It is hoped 
that in those quarters where vagotomy is not being studied, the results of 
subtotal gastrectomy may be evaluated in the same critical fashion that the 
results of vagus resection have been studied, with an eye towards the symp- 
tomatic end-result, so that the comparison of subtotal gastrectomy with vagus 
resection may be facilitated 

SUMMARY 

1 The results of vagus resection for ulcer carried out m 74 cases have 
been described 

2 Satisfactory results have been obtained in approximately 90 per cent 
of the cases 

3 A poor result may be due to difficulty with ulcer, but may also occur 
when the side-effects are of a massive and crippling type, the minor gastro- 
intestinal side-effects are not vitiated by the performance of gastro-enterostomy 

4 Good results have been obtained m patients who were intractable 
to all other forms of therapy including subtotal gastrectomy 

5 Vagus resection is an addition to the surgical armamentarium which 
may come to occupy a permanent and important place 

6 A reserved attitude must be maintained until the present groups of 
patients have been followed longer 

7 The routine performance of posterior gastro-enterostomy coincident 
with vagus resection may so confuse results that m the future one will not 
know whether to assign the end-result, whether good or bad, to the gastro- 
enterostomy or the vagus resection 
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Dragstedt's report in 1946 on the section, with favorable results, of the 
vagus nerves in 54 cases of peptic ulcer, and similar reports by Crimson, f 
Ruffin and co-authors^’ concerning 30 such operations at Duke University, 
and by Moore and his associates concerning 12 cases in which the operation 
was carried out at the Massachusetts General Hospital, led us to study the 

Table I 

COMPARATIVE STATISTICS OF REPORTED VAGOTOMIES YEAR 1947 

Performed for ulcer, type 


Duodenal Gastrojejunal Gastric 


Reporter 

Cases 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Dragatedt 

170 

147 

87 

15 

8 8 

8 

4 7 

Walters and associates 

83 

54 

65 

24 

28 

5 

6 

Walters (alone) 

40 

28 

70 

7 

17 

5 

12 

Gnmaon 

57 

32 

56 

9 

15 

4 

7 

Moore , 

74 

57 

77 

16 

22 

1 

1 


problem of section of the vagus nerves or, as we prefer to call the operation, 
“gastric neurectomy,” from the anatomic, physiologic and chemical standpoints 
among 40 patients operated on by one of us (Walters) at the Mayo Clinic 
up to January 15, 1947 (Table I) Only brief reference will be made to a 
control series of 43 additional cases in which the operation was performed by 
other surgeons at the clinic, for the surgeons in question will individually 
report on their results in detail later. 


HISTORICAL ASPECTS 


Denervation of the stomach in the treatment of pain in peptic ulcer has 
been extensively investigated since Brodie’s first report in 1814 Indeed, the 
operation has been performed in rabbits to assist in the experimental forma- 
tion of gastric ulcers 


* Read at the meeting of the American Surgical Association, Hot Springs, Virginia 
March 25 to 27, 1947 ’ ’ 


t In Crimson’s most recent report on the results of the operation in 57 cases, he 
d^cribed disturbances in motility m 25 In six cases there was severe gastric retention 
which necessitated gastro-enterostomy This gave an incidence of secondary gastro- 
enterostomy in one among each seven patients who had not had a previous drainaee 

onprofiAn 
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Reports in the literature are extensive and confusing Time permits only 
the briefest reference to some of the most important clinical and experimental 
studies One of the most interesting reports is that of Latarjet® in 1922 His 
studies are worthy of evaluation in view of the fact that he and Pauchet per- 
formed the operation on six patients who had gastric ulcers, after they had 
carried out extensive experimental studies on the effects of section of the 
vagus nerves of dogs ® In commenting on the results of the operation in six, 
Latarjet stated that all were relieved of their symptoms and that they had 
gained in weight and appetite Gastro-enterostomy had been performed for 
all of them at the time of the denervation procedure, but one died later of 
carcinoma of the stomach ® 

No additional reports by Latarjet or his associate, Pauchet, are found m 
the literature regarding later results of these operations 

McCrea, after confirming the experimental work of Latarjet, stated, how- 
ever, that Lichtenbelt had found gastric ulcerations m 70 per cent of his dogs 
after complete section of all of the parasympathetic and sympathetic branches 
of the vagus nerves In 1931 Beaver and Mann found that after performing 
the Mann- Williamson operation on dogs, ulcers formed in two of the three 
dogs of the series despite previous section of the vagus nerves Recent studies 
by Grindlay and Bollman seem to confirm the results of earlier studies by 
Beaver and Mann In addition, Grindlay and Bollman produced peptic ulcers 
by the administration of cmcophen They found that ulcers developed whether 
or not the vagus nerves were sectioned, although the vagectomized dogs main- 
tained a better nutritional state and lived longei , on the average, than did the 
control animals 

The preliminary studies of Saltzstein, Sandwerss, Hammer and Hill, 
recently presented, would indicate that, after section of the vagus nerves in 
dogs on which the Mann- Williamson operation was performed, jejunal ulcers 
developed in four of nine animals who died within 41 days following operation 
Six of the nine had marked jejunitis 

In 1929 Hartzell studied the effects on dogs of section of the vagus nerves 
Although the immediate observations were similar to those noted among 
human beings, when Vanzant studied the dogs two-and-a-half years later she 
found that free hydrochloric acid had returned to the gastric secretion in all but 
one of the original group Some of the dogs still had delayed emptying of the 
stomach, but two of the dogs had hypermotility, with a tendency toward 
diarrhea and emesis Later studies revealed the gastric motility to be essen- 
tially normal 


ANATOSIIC STUDIES 

In studying the problem, we thought it essential to determine the anatomic 
distribution of the vagus nerves immediately above and below the diaphragm 
Hence, dissections were carried out in our department of pathologic anatomy 
on 56 men, 44 women and ii children during the course of postmortem 
examinations 
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In 92 of the specimens from adult persons studied at necropsy a rather 
regular pattern was followed in the formation of discrete nerve trunks from 
the esophageal plexus In eight cases it was impossible to isolate two distinct 
trunks at any point, since the branches were numerous and did not have a 
uniform pattern 

These anatomic studies indicate, therefore, that excluding the ii cases in 
which the vagus nerves of children were dissected out, the vagus nerves can be 
located and successfully sectioned near the diaphragm m approximately 92 
per cent of the cases, and possibly most, if not all, of the branches in the 
remaining 8 per cent of cases can be sectioned by either a transabdommal 
or a transthoracic approach 

GASTRIC NEURECTOMY WITHOUT OTHER GASTRIC OPERATIONS 

It IS our belief that the transabdommal approach is preferable to the trans- 
thoracic one because it permits exploration of the contents of the abdomen, 
examination of the ulcer, removal of the ulcer if this is thought to be advisable, 
and the performance of a gastric drainage operation, such as gastroenterostomy, 
or partial gastrectomy independent of, or coincident with section of the 
vagus nerves 

In only 14 of the 40 cases did we believe that the operation of section of 
the vagus nerves could be done without other surgical procedures on the 
stomach in order to prevent serious postoperative gastric retention In 13 of 
the 14’*' cases, results have been satisfactory as measured by relief of pain, 
reduction of acidity, and in general by reduction of gastric secretions Ten of 
these operations were performed for duodenal ulcer, two were performed for 
gastric ulcer and two for gastrojejunal ulcer 

Of the ten patients who had duodenal ulcer, eight obtained a reduction of 
gastric acidity In four of them the reduction was to an achlorhydria For 
eight of the patients the Hollander insulin test was carried out Results of this 
test in SIX cases showed a flat or decreasing curve of secretion of gastric acids 
Results of the test in two cases showed a rise in the secretion of gastric acids 

There were disturbances of motility, with gastric retention, in four (40 
per cent) of the cases One patient required intermittent aspiration from the 
4th to the 9th postoperative day, the remaining three were found to have 
considerable retained secretion and an atonic stomach as demonstrated roent- 
genologically 

In two patients who had small gastric ulcers achlorhydria developed after 
the operation Results of insulin tests were negative In one of the patients an 
atonic stomach developed which continued for at least eight weeks Although 
this patient was relieved of pain after his ope ration, he complained of discom- 

The 14th patient, a man 39 years old, with a severe vascular disease, died sud- 
denly in the anesthesia recovery room one hour after transabdommal gastric neurectomy 
The patient’s ulcer pain had been intractable to treatment The risk of the operation was 
appreciated At postmortem examination almost complete occlusion of the coronary 
arteries was found, caused by both arteriosclerotic and atheromatous changes in their walls 
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fort and a sensation of fullness in his stomach after he had eaten a small 
amount of food at meal time At the time of his re-examination at the clinic, 
eight weeks after operation, the stomach was so dilated and there was so much 
secretion that the roentgenologist was unable to determine whether or not 
the gastric ulcer had healed Unfortunately, gastroscopic examination was not 
made m this case, but will be done at the next visit of the patient 

Since this is the most important group of cases, because of the difficulty 
of evaluation of the effect of section of the vagus nerves if an associated 
gastric operation is done, it has been thought advisable to select an additional 
group of patients who also underwent only section of the vagus nerves by our 
surgical colleagues at the clinic Whereas in all our cases the operation was 
done transabdommally, in 14 of their cases it was done transthoracically and 
in five cases it was done transabdommally 

CONTROL SERIES VAGOTOMY ONLY 

Transthoracic — In the group in which the approach was transthoracic, 
five patients were operated on for duodenal ulcers and nine were operated on 
for gastrojejunal ulcers Two patients who had duodenal ulcers and one who 
had a gastrojejunal ulcer obtained no reduction of gastric acidity Postoper- 
ative roentgenologic studies of two of the nine patients (22 per cent) who had 
had gastrojejunal ulcers continued to disclose jejunitis For one of these two 
patients a state of achlorhydria had been obtained, but no reduction of acidity 
occurred in the patient who had the duodenal ulcer This patient also had 
considerable gastric retention 

Four of the five patients with duodenal ulcer had delayed emptying of 
the stomach, in one of the four this delay was so prolonged (two months) 
that anterior gastro-enterostomy was performed The pylorus was found to be 
open, and the scar of the ulcer was present * In spite of this, the patient con- 
tinued to have a large degree of gastric retention for more than 30 days 
Another patient with duodenal ulcer continued to have ulcer pain and noc- 
turnal pain, requiring food and alkalies for relief Two patients had trouble- 
some diarrhea, one had a return of symptoms of ulcer and the other had 
nausea and vomiting in addition 

Transabdominal — ^Two patients with duodenal ulcers and three with gas- 
trojejunal ulcers underwent transabdominal gastric neurectomy Only one of 
these patients obtained a good result, with complete relief of sjunptoms One 
of the patients with a duodenal ulcer had symptoms of bloating, belching and 
vomiting four months postoperatively, and although he had no ulcer pain a 
roentgenogram disclosed a persistent duodenal ulcer 

One patient died after a convulsion on the 4th postoperative day Unfor- 
tunately, consent for postmortem examination could not be obtained in this 

* Since gastric neurectomy had been done transthoracically, the gross pathology of 
the duodenal ulcer could not be compared with its appearance at the time of gastro- 
enterostomy 
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case This patient had also undergone cholecystectomy and appendectomy at 
the time of section of the vagus nerves 

One of the patients with a gastrojejunal ulcer had persisting symptoms of 
ulcer Disturbances of gastric motility required aspiration for one month after 
operation The roentgenogram showed a poorly functioning gastroenteric 
anastomosis, with distortion of the jejunum, and the presence of a gastro- 
jejunal ulcer could not be ruled out 

GASTRIC NEURECTOMY WITH GASTRIC OPERATIONS 

Time does not permit a detailed discussion of studies of patients for whom 
gastric neurectomy and operations on the stomach were carried out simul- 
taneously or later because of failure of the ulcer to heal or because of recur- 
rence of the ulcer or because of persisting gastric retention A detailed report 
of 26 cases will be made elsewhere 

Duodenal ulcei — Suffice it to say at this time that among the 15 patients 
with duodenal ulcer on whom one of us (Walters) operated, performing 
gastro-enterostomy m addition to resection of the vagus nerves, a reduction of 
gastric acidity occurred in ii (73 per cent), and in seven of these ii (56 per 
cent) It reached the state of achlorhydria Troublesome disturbance of gastric 
motility developed in four (26 per cent) In one patient with a large obstruct- 
ing duodenal ulcer, such a marked degree of abdominal distention developed 
from the 5th to the 7th day that an intestinal obstruction was thought likely 
Abdominal exploration revealed that the entire gastro-mtestinal tract was 
filled with fluid and gas, and that 800 cc of sterile straw-colored fluid was 
present in the abdominal cavity The gastro-intestinal motility returned to 
within normal limits in a few days after continuous aspiration of the gastro- 
intestinal secretions by means of an indwelling gastric suction tube 

Another patient had intermittent gastric retention daily, in which the fluid 
retained sometimes reached a maximum of 2,000 cc , with gradual reduction 
in the amount until the 14th postoperative day Six months later he reported 
by letter that the symptoms of ulcer had returned, and that vomiting had 
occurred 

Another patient reported by letter three months postoperatively that he 
had considerable flatulence and diarrhea which were not relieved by the usual 
measures, such as the taking of paregoric 

Gastric ulcei — Three patients underwent excision of ulcer in association 
with gastric neurectomy One patient was a man 67 years old for whom one of 
us (Walters) had performed removal of a gastrojejunal ulcer and a closure of 
his gastric and jejunal openings on June 14, 1946 He had a large gastric 
ulcer on the posterior wall of the stomach, the ulcer had perforated to the 
pancreas just below the esophagus To have removed it would have necessi- 
tated a very high partial gastrectomy, and it was thought that the situation was 
one which should be suitable for transthoracic section of the vagus nerves Six 
and a half weeks of medical treatment was administered after removal of the 
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gastrojejunal ulcer, but without benefit Transthoracic section of the vagus 
nerves was carried out by Doctor Clagett and one of us (Walters) on June 
29, 1946 In addition, the gastric ulcer was excised to exclude the possibility 
of malignanc)^ Although the immediate results of the operation seemed good — 
a state of achlorhydria was obtained as was also a negative result of the Hoi 
lander insulin test — within a period of a few weeks the patient began to com- 
plain again of abdominal pain A roentgenogram at this time showed a recur- 
rent large gastric ulcer m the same position as that of the ulcer previously 
excised Concurrently, anemia appeared and free hydrochloric acid again 
returned to the stomach The result of an insulin test was again negative, but 
high acid values for histamine stimulation were obtained When resection of 
the stomach was performed, January 13, 1947. including removal of the large 
gastric ulcer (3 5 cm in diameter), by our colleague. Doctor Waugh, the ulcer 
was reported as benign Although the patient is out of the hospital, he reports 
that he is no better than he was before partial gastrectomy 

There was a second case m which a large gastric ulcer situated on the 
posterior wall was excised The patient complained of frequent belching of 
foul gas four months after the operation Roentgenologic examination showed 
a dilated stomach with so much secretion at the end of a five-hour period that 
the roentgenologist was unable to determine whether or not gastric ulceration 
had returned Gastroscopic examination revealed no recurrence of the gastric 
ulcer In this case, associated with the dilatation of the stomach, was hypo- 
motihty of the small intestine, with seeming spasm of the pylorus 

Gastfojejunal nice) — For one of the five patients operated on for gastro- 
jejunal ulcers, re-resection of the stomach was performed m order to remove 
a large perforating anastomotic ulcer with its base on the colon Removal of 
the gastrojejunal ulcers and closure of the openings of the stomach and jeju- 
num were performed m the other cases, in two of which it seemed advisable 
because of the obstruction of the duodenum by the scar of the previous duo- 
denal ulcer 

Among the patients who had gastrojejunal ulcers, immediate results of the 
operation have been very satisfactory 

CONTROL SERIES VAGOTOMY ASSOCIATED WITH OTHER OPERATIONS 

In the control series of 24 patients who underwent gastric neurectomy and 
additional gastric operations performed by our colleagues, 19 patients were 
operated on for duodenal ulcer and five for gastrojejunal ulcer Most impor- 
tant m the group was a patient with duodenal ulcer who, after section of the 
vagus nerves and gastro-enterostomy, died on the 14th day Although his post- 
operative course was characterized by marked gastric retention and hypopro- 
tememia which was difficult to control, the presence of the perforated ulcer 
and subdiaphragmatic abscess was not recognized until demonstrated at post- 
mortem examination 

Resection of the stomach was performed for one patient who had a bleed- 
ing gastrojejunal ulcer This patient had had transthoracic section of the 
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vagus nerves performed elsewhere six and a half months previously, without 
benefit 

Eighty per cent of the patients obtained marked reductions of gastric 
acidity, 36 per cent to an achlorhydric degree Temporary disturbances of 
motility were present in five or 31 per cent of the cases As m our senes, the 
relief of symptoms was no different than it would have been had associated 
gastric neurectom} not been carried out 

SUMMAHY 

Our studies on section of the vagus nerv^es indicate that the results are 
inconstant, variable, and in most cases unpi edictable The relief of pain 
obtained is probably brought about by release of gastrospasm and reduction 
of gastric acidity as a result of the interruption of cephalic stimulation and as 
a result of other factors not now understood The expense of this is dilatation 
of the stomach with frequent troublesome retention of gastric secretion and, 
in some cases, food remnants Moreover, that relief of pain is not the result 
of healing of the ulcer must be considered, since in one of our cases an unsus- 
pected acute perforation of duodenal ulcer developed A similar case has been 
reported by Weeks and his associates 

Reduction m gastric acidity, although it has occurred in most cases, is 
inconstant in others, and disturbances of motility of the stomach and small 
intestine are of frequent occurrence after operation In some cases such dis- 
turbances are temporary and in others they are prolonged, persistent and 
troublesome to the patient In such cases, patients have complained of frequent 
belching of foul-smelling gas, a sensation of fullness and bloating after meals 
and, in a few cases, nausea and diarrhea 

In at least one clear-cut case the ulcer has been kno\\n to have recurred, 
and in the others the ulcers have failed to heal and reoperation has been nec- 
essary to remove the ulcers or to provide drainage of the stomach because of 
the troublesome gastric retention 

There have been three deaths m the hospital in the 83 cases Although two 
of these could be attributed directly to cardiovascular accidents, one patient 
died of an unsuspected perforated duodenal ulcer with a subdiaphragmatic 
abscess Gastro-enterostomy had been done in association with gastric neurec- 
tomy Another patient died from coronary occlusion at home four months after 
closure of a gastrojejunocolic fistula 

In evaluation of the results of the operation, it must be proved that an 
ulcer is present and that the vagus nerves have been completely sectioned It 
is our opinion that the best approach, in most cases in which gastric neurec- 
tomy IS contemplated, is by means of a transabdominal incision, for such an 
approach allows both examination of the ulcer and exploration of the gastro- 
intestinal tract and performance of such procedures as might seem necessary 
to supplement the gastric neurectomy The greatest field of usefulness for 
gastric neurectomy seems to be in the treatment of ulcers after partial gastrec- 
tomy and in certain cases of nonobstructive duodenal ulcers in which the 
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cephalic phase of gastric secretion is marked and pain is intractable If the 
operation is used in the treatment of gastrojejunal ulceration after gastro- 
enterostomy the possibility of obstruction at the stoma and at the site of the 
healed or reactivated duodenal ulcer must be considered 

In view of the inherent ability of the gastro-mtestinal tract of human 
beings, like that of the gastro-intestinal tract of animals in the experimental 
laboratory, to regain through anatomic and compensatory mechanisms its func- 
tion after operative procedures which disturb neuromuscular continuity, and 
since restoration of gastric acidity and gastric motility has occurred within a 
two-year period in dogs in which gastric neurectomy has been performed, the 
possibility of such a return in human beings must be kept in mind constantly 
For the time being, the operation of gastric neurectomy must be consid- 
ered to be in the investigative stage and the effects of the operation care- 
fully studied 
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During the past four years, division or resection of the vagus nerves 
to the stomach as a method of treatment has been employed in the Depart- 
ment of Surgery of the University of Chicago on 212 patients with various 
types of peptic ulcer One patient died of aspiration pneumonia, making an 
operative mortality of something less than one-half per cent Although a 
careful watch was made, no gross evidence of any serious disturbance that 
could be ascribed to a vagus reflex was encountered The theoretical back- 
ground for employing this procedure in the treatment of peptic ulcer has been 
presented in previous publications from this clinic ^ It is the purpose of the 
present communication to describe the complications and end results of vagus 
section for peptic ulcer in 160 patients who were operated on by us during the 
four years from January 18, 1943, to January i, 1947 In these 160 patients, 
the vagus section was complete m 142 cases as evidenced by a reduction in the 
night secretion of gastric juice, a decrease of over 60 per cent in the total 
hydrochloric acid output from the stomach, and a negative secretory response 
to insulin hypoglycemia Persistence or recurrence of ulcer symptoms has not 
been seen in any of these patients, and at the present time, all of them are free 
of ulcer distress without medication or any type of dietary restriction In most 
cases, there is also satisfactory objective evidence that the ulcers have healed 
In the 18 patients where physiologic tests have indicated that the vagus section 
was not complete, 13 have remained free of ulcer symptoms without medication 
or dietary restriction In the remaining five, persistence or recurrence of ulcer 
symptoms m varying degree have been observed In two of the patients, the 
symptoms were sufficiently severe so that our proposal for a reoperation was 
accepted One of these patients had been operated upon by the transthoracic 
and one by the transabdommal approach Reoperation in each case was done 
by the transabdommal method In both instances, a remaining vagus fiber was 
tound and sectioned The results are summarized in Tables I and II In three 
of the patients where recurrence of symptoms has been observed, these have 
been so mild that no treatment has been desir ed The 13 patients in whom we 

* Read before the Afeeting of the American Surgical Association, March 2^-27 1047 
Hot Springs, Va 

T This work has been aided by a grant from Mr Andrew E Wigeland and from 
The Kenneth Smith Foundation of The University of Chicago 
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have reason to believe that the vagotomy was incomplete, but who at present 
are free of ulcer symptoms without medication or dietary restriction, are 
being watched with great interest It seems probable on the basis of present 
information that to be effective, the vagus section must be complete, and that 
recurrence or persistence of ulcer symptoms may occur if even a small vagus 
fiber to the stomach has been overlooked This observation is of interest when 
correlated with the effect of vagus section on gastric secretion Section of one 
of the vagus nerves in dogs has no effect on the volume, acidity, or total output 
of acid in the gastric secretion In man, apparently the persistence of a small 
vagus fiber after section of two of the larger vagal trunks permits the con- 
tinued excessive night secretion characteristic of the ulcer patient The remain- 
ing vagus fiber appears to be able to activate the entire glandular apparatus, 
acting presumably through the submucous plexus of Meissner 

Table I 

Patient J S Male Age S 7 

Five-year history of duodenal ulcer with two massive hemorrhages 
September lo 1045 transthoracic vagotomy 

Night Secretion Volume Free Acid HCl Output Insulin Test 

Preoperative 1 375 cc 24 34 m e Pos 

Postoperative 1 065 cc 36 38 m e Neg 

Patient entirely well in the interim on full diet and without medication 


November 23 1946 Silent massive hemorrhage 
December n 1946 transabdominal vacotomy 


Night Secretion 

Volume 

Free Acid 

HCI Output 

Insulin Test 

Preoperative 

1 200 cc 

62 

74 m e 

Pos 

Postoperative 

640 cc 

23 

IS m e 

Neg. 



Table II 



Patient L H Male 

Age 42 




Six year history of duodenal ulcer 




October 10 IQ 46 

TRANSABDOMINAL VACOTOMY 


Night Secretion 

Volume 

Free Acid 

HCI Output 

Insulin Test 

Preoperative 

970 cc 

13 

13 m e 

Pos 

Postoperative 

858 cc 

29 

25 m e 

Pos 

Relief of symptoms for 

one month post operatively 

Then recurrence of all previous 

symptoms 





January j i(> 4 j 

TRANSABDOMINAL VAGOTOMY 


Night Secretion 

Volume 

Free Acid 

HCl Output 

Insulin Test 

Preoperative 

870 cc 

18 

16 m e 

Pos 

Postoperative 

410 cc 

0 

0 

Neg 


« 

Where the vagotomy has been complete, there is to date no evidence of 
regeneration of the secretory fibers in the vagus nerves Re-examination of 
these patients has been made at intervals by measuring the night secretion of 
gastric juice, the total hydrochloric acid output, and the secretory response to 
insulin hypoglycemia and the sham meal Since an interval of three and four 
years has elapsed m a number of these patients, it seems quite probable that 
the nervous phase of gastric secretion has been permanently abolished The 
evidence obtained from the experimental laboratory on the pathogenesis of 
peptic ulcer suggests that the ulcers will not recur unless the previous excessive 
secretion returns The outlook is accordingly much more favorable than the 
present limited period of clinical observation would justify 
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POSTOPERATIVE MANAGEMENT 

The complications following gastric vagotomy for peptic ulcer have been 
for the most part transitory and inconsequential In 6i patients, the vagus 
section was performed by a transthoracic operation One of these patients 
developed an aspiration pneumonia which proved fatal This was the only 
death in the series and occurred early in our experience There have been no 
deaths in the last 150 vagotomies A pleural effusion requiring aspiration was 
encountered in six patients In no case did this effusion become infected Inter- 
costal pain m the region of the incision proved troublesome in ten patients, 
and in these, persisted for a period of two to four weeks 

Gastnc Retention It is probable that a delay in the emptying of the 
stomach occurs in all patients following section of the vagus nerves This 
delay produced transitory symptoms in 19 of the 61 patients m whom a trans- 
thoracic vagotomy was performed In four the gastric retention was severe 
enough to necessitate a gastroenterostomy within two or three months follow- 
ing the vagus section In each of these cases, cicatricial obstruction at the 
pylorus was found The necessity for a second operation in these four patients 
prompted us two years ago to explore the possibility of securing a complete 
vagus section by a transabdommal approach The remarkable elasticity of the 
esophagus, which was appreciated in the transthoracic operation, suggested 
that It ought to be possible to pull the esophagus downward into the abdomen 
^ sufficiently to permit careful exploration of its lower three or four inches We 
are now' convinced that it is 3ust as possible to secure a complete section of 
the vagus nerves to the stomach by a transabdommal operation as can be 
secured by the transthoracic approach The method that we presently employ 
IS best described in a series of diagrams and drawings (Figs 1—4) We prefer 
the transabdommal operation at the present time because it is possible to deal 
with cicatricial obstruction at the pylorus at the same procedure Of the 
patients who w'ere operated upon by the abdominal route to January, 1947, 
m 64 cases, the abdominal vagotomy was accompanied by a posterior gastro- 
enterostomy, while in 35 patients, a vagus section alone w'as performed In the 
first patients, the gastroenterostomy w'as added as a routine in all patients with 
duodenal ulcer, but for the past year, it has been employed only when pyloric 
obstruction has been indicated either by clinical symptoms or fluoroscopic 
findings At the present time, posterior gastroenterostomy is being performed 
m approximately one-third of the patients for w'hom a transabdommal vagus 
section IS done for duodenal ulcer In the 35 patients with duodenal ulcer in 
w'hom vagus section alone was performed, 19 patients displayed transitory 
symptoms of gastric retention Two subsequently required a gastro-enteros- 
tomy because of cicatricial obstruction at the pylorus Of the 64 patients in 
whom a gastroenterostomy w'as performed at the time of the abdominal vagot- 
omy, eight patients showed transitory symptoms of gastric retention but have 
subsequently remained well 

Stomach Motility and Tonus It is probable that more difficulty would 
have been encountered from the decreased tonus and motility of the stomach 
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produced by vagus section had its possibility not been anticipated and measures 
taken to prevent it The stomach like the heart and the amphibian lung pos- 
sesses a local automatism which is largely due to its relation to Auerbach’s 
plexus This makes it possible for the stomach to display its normal motility i 
after all extrinsic nerves have been severed, or even after the stomach has 
been removed from the body Under normal conditions, however, its activity 
is under the influence of two sets of extrinsic nerves In general, the vagus 
nerves exert an inhibitory influence over the motoi activity of the cardia, an 



Fig I — The abdomen is opened through a high left paramedian incision 
The triangular ligament to the liver is divided 


augmenter influence on the body of the stomach, and an inhibitory influence 
on the pylorus In general, the effect of the sympathetic is antagonistic to that 
of the vagus A sudden removal of the tonic effect of the vagus nerves leaves 
the inhibitory influence of the s)’mpathetics unopposed, and the end result is to 
cause a marked inhibition in the tonus and motility of the stomach This makes 
the stomach very susceptible to the dilating effect of swallowed air or accumu- 
lated secretion, and if care is not taken, an acute dilatation can quite readily 
be produced After a period of time which varies in different patients, a read- 
justment of the peripheral motor mechanism occurs, and the motility of the 
stomach returns toward its normal state It is likely that it never regains the 
hypertonus and hj permotility so commonly found in ulcer patients It has been 
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our practice to guard against distention of the stomach during the immediate 
postoperative period by maintaining gastric decompression by means of a 
Levine tube and the Wangensteen suction apparatus for a period of five days 
following the vagus section This is perhaps the most important single item^ 
in postoperative care After the five-day period, the patient is given small 
amounts of water, and at the end of 12 hours, the stomach is aspirated to 



Fig 2 — ^The left lobe of the liver is retracted to the right, and the 
peritoneum over the esophagus at the margin of the diaphragm is divided 
and the hiatus opened 


determine if retention has occurred If the stomach is not emptied, decom- 
pression IS instituted and maintained for another 24 to 48 hours Only when '' 
the stomach empties itself satisfactorily of liquid content is the patient per- 
mitted to ingest solid food The amount ingested at any one feeding is limited, 
and the patient is cautioned not to overload the stomach during the first two '' 
or three months after the operation In several patients, we have felt that the 
return of function or readjustment of the peripheral motor mechanism of the 
stomach was facilitated by giving the patient ten mg of urecholme from an 
horn to 30 minutes before the ingestion of food This drug produces a long 
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continued increase in the motility of the stomach probably through stimulation 
of the peripheral neuromotor mechanism That this readjustment m gastric 
motility can be confidently eN;pected is indicated by the fact that none of the 
patients who weie operated upon by us during the first thiee years are at 
present expeiiencing any difficulty on this scoie 

Alteration in the bozvcl habit was encounteied in 25 of the 61 patients who 
underw^ent transthoiacic section of the vagus nerves In 18 of these patients, 
the effect was slight and transitor}’- and usually elicited only by question In 
seven patients, however, theie was a model ately seiere diairhea, in some cases 
lasting from tw 0 to five w eeks aftei the operation This dial rhea w as usually 
episodic m chaiacter with frequent long inter\als of freedom betw^een attacks 
There appeared to be an association between the diarrhea and symptoms of 
gastric retention The cause of this diarrhea has not been fully determined 
Since division of the \agus nerves lemoves the augmentei influence of this 
system from the tonus and motility of the small intestine and the proximal 
half of the colon, a change in the bow el habit in the direction of stasis or con- 
stipation w'as anticipated To our surprise, this has not been encountered in a 
single patient It is doubtful if the diarrhea can be ascribed to an increased 
motility of the small intestine and colon due to removal of vagal influences 
since it IS most likely that this occuis 111 eveiy patient wdio undergoes a partial 
or subtotal gastric resection A consideration of the anatomy of the vagus 
nerves to the stomach makes it seem very piobable that the usual t}'pe of 
gastric resection lemoves the vagus inneivation from all stiuctuies below^ the 
stump of stomach that remains The gastric contents following complete vagot- 
omy usually contain no free acid during the digestive period wdien food is 
present in the stomach The removal of the antiseptic action of the free acid 
of the gastric juice probably makes these patients moie susceptible to diarrheas 
of bacterial origin The situation heie may be similai to that obtaining in 
patients with anacidity from other causes such as pernicious anemia Retention 
in the stomach in combination w'lth this anacidity makes fermentation possible 
and the consequent elaboiation of various iiritant organic acids In the 64 
patients with duodenal ulcer m wdiich an abdominal vagotomy plus gastio- 
enterostomy was performed, diarrhea, slight and transitory in character, was 
encountered in onl\ four patients Since gastric retention w'as less evident in 
these patients than in those with vagotomy alone, it seems likely that this 
factor IS of some significance in the cause of the diarrhea The diarrhea has ' 
usually subsided promptly when gastric decompression has been resumed 
Spontaneous recovery from the diarrhea has usually accompanied readjust- 
ment of the motor activity of the vagotomized stomach and intestines, and none 
of the early patients are expei lencing any difficulty on this account 

In the dog, section of the vagus nerves high m the chest or in the cervical 
region almost invariably produces a high grade and long continued spasm of 
the cardia and of the pylorus For this reason, it is of great interest that 
we have not encountered spasm of the cardia in a single patient following 
vagus section This is probably due to the fact that the vagi are usually 
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divided a short distance above the diaphragm It is quite possible that damage 
to the vagus nerves higher up might produce spasm of the cardia m man as 
It does m the lower animals In two patients, edema of the lower esophagus, 
probably due to the trauma of the operation, caused temporary dysphagia The 
passage of the esophagoscope promptly gave relief without recurrence 

In summarizing our experiences with complete section of the vagus nerves 
to the stomach m the treatment of peptic ulcer, it appears clear that this 
operation, as we have described it, abolishes permanently the nervous phase 
of gastric secretion, and likewise removes the augmenter influence of the 
vagus nerves on the tonus and motility of the stomach and small intestines 
It IS probable that both the effect on gastric secretion and on motility exert a 
favorable effect on the healing of peptic ulcers It is pi obable that the depres- 
sant effect on the secretion of gastric juice is the more important factor m 
bringing about the healing of the lesion The decrease in the tonus and 
motility of the stomach probably also exerts a beneficial influence in the same 
direction, and undoubtedly contributes much to the relief of the distress which 
these patients experience Both of these effects are likewise mainly responsible 
for the undesirable sequelae and complications of the operation We should 
like to emphasize, however, that these complications in our experience have 
been self-hmited, and for the most part inconsequential as compared to the 
complications that have been described following subtotal gastrectomy for 
peptic ulcer 

One of the most conspicuous effects of section of the vagus nerves to the 
stomach in patients with peptic ulcer is the immediate, complete, and appar- 
, ently permanent relief of the ulcer distress that is produced We have fre- 
quently called attention to this phenomenon which is so marked that in our 
early experience led us to speculate on the possibility that the stomach had been 
rendered anesthetic by the operation Subsequent experience, however, has 
convinced us that this is not the case In the operations that have been per- 
formed b)'^ the transabdominal route, the anesthetic has been for the most part 
continuous spinal Under these conditions, mobilization, pinching, ligating, 
and dividing the vagus nerves have not produced any sensation A more 
crucial experiment, however, has been performed on five patients who had 
very severe ulcer pain when they came to the hospital In these patients, it 
was found that aspiration of the gastric content usually provided immediate 
relief The remtroduction in the stomach of 200 cc of 5 per cent hydrochloric 
acid solution caused an almost immediate reappearance of typical ulcer pain 
and distress Following the operation, all of these patients were immediately 
and completely relieved Usually on the third day following the operation, 
without the knowledge of the patient, the Wangensteen suction apparatus was 
discontinued, and 200 cc of 5 per cent hydrochloric acid solution was instilled 
into the stomach Within a period of one to nine minutes, the former typical 
ulcer distress reappeared in all of its former severity While this experiment 
does not necessarily prove that the ulcer pain and distress is due directly to the 
free hydrochloric acid, since the motility of the stomach was not simultaneously 
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studied, It does indicate that the stomach has not been lendeied anesthetic by 
the operation 

The beneficial effect of vagus section in the healing of peptic ulcer is 
especiall} ^\ell illustiated in 14 of oiu patients in whom this opeiation was 
done for recunent gastiojejunal ulcer follo\\ing eithei gastroentei ostomy 01 
subtotal gastiic lesection A detailed lepoit of these findings has been pub- 
lished else^^here We should like to refei heie to an additional patient with a 
gastiojejunal ulcei ^^ho piesents some featuies that are of special interest 
The patient, a male age 36, \\as first seen on August 29, 1938 Foi the 
preMOUS two months, he had been complaining of typical ulcei distiess, and 
x-iay examination rexealed a duodenal ulcei with a ciatei Symptoms were 
controlled foi a time on medical management but recun ed in seveie form m 
1943, and surgery was requested At opeiation, a large, chionic, duodenal 
ulcer penetrating into the pancreas was found Because of the extensive 
involvement, a Finsteiei -Devine type of exclusion operation w^as performed 
wuth subtotal gastiic lesection Six months aftei the opeiation, a recurrence 
of symptoms developed, and a gastrojejunal ulcei w'as demonstrated at x-ray 
X-ray theiap} to the stomach w^as then given with relief of s)unptoms, and 
there was apparent disappeaiaiice of the ulcer cratei The symptoms recurred 
m SIX months, and the pain became moie seveie X-ray examination again 
revealed an ulcer cratex (Fig 5) On Match 23, 1945, a tiansthoracic supia- 
diaphragmatic section of the vagus nerves was performed Recovery was 
uneventful, and the patient was entirely leheved of ulcei distress X-ray 
examination on April 16, 1945, levealed definite decrease 111 the size of the 
ulcei crater (Fig 6), and on May 9, 1945, complete disappearance of the 
cratei (Fig 7) He remained well, resumed his foimer occupation, and w'as 
able to eat an entirely umestncted diet without any type of medication Flu- 
oroscopic examination of the stomach was made in December, 1946, and the 
findings proved to be most interesting (Fig 8) The film show^s no trace of an 
ulcer crater, and the stomach and jejunum aie w^ell outlined with barium Of 
great interest is the demonstration of a letrogiade passage of the barium 
through the duodenum, the pyloius, and into the antrum of the stomach, which 
W'as left behind at the time of the operation The increased incidence of 
gastrojejunal ulcei followung gastric resection in w'hich the antral mucosa is 
left unremoved has been well recognized The explanation offered for the 
high incidence of jejunal ulcers in these cases is that this mucosa makes 
possible the continued excessive secretion of gastiic juice, presumably through 
the elaboration of gastrin as called foi in the hypothesis of Edkms The work 
of Edkms, however, indicated that gastrin is liberated from the antial mucosa 
only on contact wuth food Here is visual evidence that a retrograde passage 
of the gastric content through the duodenum, through the pylorus, and into 
the antruni, can occur, w'hich fulfill the requirements for the liberation of 
gastrin and its stimulating action on the gastric glands It is significant 
therefore, that in this patient a large jejunal ulcer healed following complete 
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vagus section, even though that part of the humoral mechanism for gastric 
secretion controlled by the antral mucosa was still present 


SUMMABY AND CONCLtTSIONS 

During the period from January i8, 1943, to March i, I 947 j division or 
resection of the vagus nerves to the stomach as a method of treatment has been 
employed in the University of Chicago Clinics in 212 patients with various 
types of peptic ulcer One patient died of aspiration bronchopneumonia, and 
there have been no deaths in the last 150 vagotomies performed Adverse reflex 
effects that might be ascribed to stimulation of the vagus nerves have not been 
seen The clinical results of the operation have been excellent and have led us 
to the impression that a benign peptic ulcer may be regularly expected to heal 
if all the vagus fibers to the stomach are divided This is best accomplished 
by exposure of these nerves along the lower esophagus by either a transabdom- 
mal or a transpleural approach The transabdommal operation has the sig- 
nificant advantage that it makes possible inspection and palpation of the lesion 
and the performance of a gastroenterostomy should cicatricial obstruction at 
the pylorus be present Gastric vagotomy abolishes the nervous phase of gas- 
trin secretion and decreases very markedly the total amount of gastric juice 
produced These effects appear to be permanent Evidence of regeneration of 
the secretory fibers in the vagus nerves has not been observed even m the 
patients operated upon four years ago These findings suggest that regenera- 
tion of the divided vagus fibers will not prove to be a troublesome feature of 
this type of operation Complications and undesirable sequelae that have been 
encountered are intercostal pain or neuralgia, pleural effusion, pulmonary 
atelectasis, delayed emptying of the stomach, and diarrhea For the most part, 
these complications have been mild and self-limited Careful attention to post- 
operative care reduces the incidence and severity of most of them Persistence 
of ulcer symptoms has been observed m live patients, and in these, physiologic 
tests have indicated that not all the vagus fibers were divided In two of these 
patients, a second operation was performed, and a residual vagus fiber was 
discovered and divided 

These findings suggest that to be effective m abolishing the nervous phase 
of gastric secretion and causing the healing of benign peptic ulcers, removal 
of the vagus innervation of the stomach must be complete It is probable that 
the poor results secured by the early workers in this field are due to the fact 
that attempts were made to section the vagus nerves in operations directed at 
the stomach instead of the esophagus and thus were in all probability incom- 
plete The necessity of repeated physiologic tests to determine residual vagal 
innervation of the gastric glands is clear and should be emphasized 
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Discussion — Dr Keith S Grimson, Durham, NCI wish to thank Dr Walters 
and Dr Firor for arranging the privilege of the floor, and to congratulate Dr Dragstedt, 
Dr Moore, Dr Walters and Dr Griswold on their excellent studies There can be little 
doubt now that Dr Dragstedt’s reintroduction of vagotomy has profoundly influenced sur- 
gical management of ulcer This is best evidenced by the Soo cases reported this afternoon 
including our 77, and by the continuing use of vagotomy by each author even though few 
cases have been followed for more than two years 

Since vagotomy is in a stage of evaluation, I should like to express agreement with 
certain observations presented First, with very few exceptions healing or quiescence of 
ulcer occurred Failure in two of our patients necessitated secondary subtotal gastric re- 
section Second, changes of acidity and motility have been variable, but usually acidity of 
fasting gastric content and response to histamine or insulin hypoglycemia have been re- 
duced and emptying of the stomach delayed There has been some evidence that some but 
not all of these variations may be caused by incomplete vagotomy Excellent clinical re- 
sults have occurred, however, in patients with a positive insulin test Since changes of 
secretion and motility usually persisted in patients studied for two or three years, regen- 
eration IS not likely to be a limiting factor 

Unfortunately we have had more trouble with complications than most Greatest has 
been the necessity for performing seven secondary gastroenterostomies, or one among each 
seven patients who did not already have enterostomy Gastric retention six hours after 
taking barium has been greater than 30 per cent in all patients without gastroenterostomy 
and often 50 to 90 per cent It is our belief that physiologic obstruction of the outlet of 
the stomach occurred and was a more important cause of retention than scarring from 
ulcer Resting intragastnc pressure or tone, according to our observations, increased 
slightly after vagotomy Gastric retention was relieved by gastroenterostomy or occa- 
sionally by urecholine or doryl Diarrhea occurred in some patients Although complica- 
tions have been serious at times, most patients are relieved of symptoms of ulcer, satis- 
fied and able to work Only a few have not gained weight At the present time we are 
employing subdiaphragmatic vagotomy with pyloroplasty, exclusion or gastrojejunostomy 
for duodenal ulcer, and reserving transthoracic vagotomy alone for stomach ulcer 

Dr Ralph Colp, New York I have had the privilege of previously reading Dr 
Walters’ interesting communication From our limited experience I agree that the re- 
sults following the severance of the vagus nerves to the stomach in the treatment of peptic 
ulcer are “inconsistent, variable and in most cases unpredictable ” I shall not discuss the 
effects of vagotomy on acid secretion I shall confine my comments mainly to the post- 
operative motor difficulties which apparently bear little relationship to the completeness 
or incompleteness of the division of the vagi as revealed by the insulin test 

I should like to present a senes of 20 cases of chronic duodenal ulcer without obstruc- 
tion At that time, we performed supradiaphragmatic vagotomy All cases but one follow- 
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mg operation were immediately relieved of pain This patient was explored two months 
later In spite of a negative insulin response, an active posterior wall duodenal ulcer was 
found and a subtotal gastrectomy was performed Eight patients have remained well from 
three to eight months Eleven of these patients following supradiaphragmatic vagotomy 
complained of epigastric fullness, gastric oppression, foul eructations and vomiting due to 
gastric dilatation with retention In seven, symptoms eventually disappeared m from one 
to seven months, but four failed to respond to medical treatment m spite of repeated hos- 
pitalizations These patients were so miserable that they requested surgical therapy in 
from SIX to eight months following supradiaphragmatic vagotomy In these cases (Table 
II) surgical exploration revealed that the ulcer had healed, that the pylorus v\as patent 
m all, but m three the stomach was markedly dilated In the latter instance a subtotal 
gastrectomy was performed The immediate postoperative course was uneventful and at 
no time since have there been any symptoms which could be ascribed to gastric atony In 
one patient in whom exploration disclosed a slightly dilated stomach, a dilated duodenum 
and colon, nothing was done He still remains miserable 

Twenty cases is admittedly a small senes, but the fact that five of these patients re- 
quired another surgical exploration, one for persistent pain and four for intractable motor 
disturbances, has convinced us that severance of the vagus nerves as a sole procedure 
should not be offered to patients with chronic duodenal ulcer without obstruction as a re- 
liable therapeutic measure We therefore have discontinued it for the present 

In our first 33 cases the vagi were divided transthoracically (Table I) In our last 
44 patients we have used the infra-diaphragmatic approach (Table III) The exposure 
and division of the vagi beneath the diaphragm is perfectly satisfactory This method has 
the distinct advantage in that it permits a thorough abdominal exploration and offers an 
opportunity for studying the gross pathology of the local lesion We have performed an 
mfradiaphragmatic vagotomy with complementary gastroenterostomy in 15 patients whom 
we did not consider to be suitable risks for subtotal gastrectomy Aside from one aged 
patient who died from a peritonitis, incident to secondary jejunostomy for alimentation due 
to gastric atony, the remainder have not suffered from any prolonged postoperative dis- 
turbances From past experiences it is known that symptoms of a duodenal ulcer pa se 
are invariablj relieved by gastroenterostomy, and that the ulcer heals The unfortunate 
disadvantage of this simple operation is the high incidence of gastrojejunal ulceration 
Perhaps careful follow-up studies over the next five years will demonstrate the efficacy of 
combining gastroenterostomy with mfradiaphragmatic vagotomy m either reducing or 
eliminating the incidence of gastrojejunal ulceration Until then we shall continue to per- 
form subtotal gastrectomy as the operation of choice for duodenal ulcer We shall com- 
bine It with infiadiaphragmatic v'agotomy, especially in those patients whose preoperative 
free acid studies are high, and those in whom bleeding without pain was the outstanding 
symptom, two categories in w'hich recurrent gastrojejunal ulceration occasionally occurs 
We have combined the procedures in 26 cases without undue risk to patients The post- 
operative course has been uneventful, and up to the present there have been no difficulties 
ascribable to delayed gastric emptj'ing With the elimination of both the vagal and hor- 
monal phases of gastric secretion, an anacidity is usually produced and, under such condi- 
tions, recurrent jejunal ulcer and hemorrhage should not occur It is also possible that the 
incidence of the dumping sj ndrome, so distressing to some patients, may be lessened How- 
ever, final comment must await adequate follow up 

The most striking benefits following sev'crance of the vagus nerves are seen in patients 
suffering from gastrojejunal ulceration In four cases of gastrojejunal ulcer following 
gastroenterostomy and m 1 1 cases following subtotal gastrectomy, excellent immediate re- 
sults following vagotomy have been observed In these patients the excruciating abdominal 
pain was immediately relieved, the free gastric acidity was either materially reduced in 
quantitv or an anacidity was produced, and the jejunal ulcers which were previously dem- 
onstrated by x-ray with barium rapidly disappeared The postoperative course was not 
marked by any gastric disturbances Up to the present, 12 cases have remained well and 
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in three patients there have been recurrences, but m these cases the insulin test revealed 

that the vagus nerves ^\ ere incompletely divided 

The problem of gastric ulcer is another important consideration I regret that I did 
a supradiaphragmatic vagotomv in one case, although the ulcer disappeared and the patient 
has remained well The surgeon is never absolutely sure that an ulcer of the stomach is 
not malignant The onh safe method is the radical removal of the lesion for pathologic 
examination by subtotal gastrectomj The clinical results of that procedure have been 
uniformly regarded as excellent over a twenty year period, and there is no reason to dis- 
card subtotal gastrectomi if theie is e\en the remotest possibiliti that a vagotomy may be 
performed for an unsuspected malignancy 

T\ncn I 

SUMMAR\ 

33 Cases Treated by Supradiaphragmatic Vagotomy 

Predominant Symptom Results 

3 — Bleedint; — 1*^ to 7 jrs 8 — Well — 6 to 12 mos 

17 — Intractable pam — 7 — Motility disturbances— lasting 1 to 10 

VA to 25 \rs mos 

4 — Motility disturbances — 6 to 8 mos Re- 
quinng surgical therapy 
1 — Persistent ulcer pain — 2 mos Requiring 
surgical therapy 

1 Gastric ulcer Pain — 4 yrs Well — 12 mos (Motility disturbances S mos ) 

10 Gastrojejunal ulcer 1 — Bleeding — 1}-$ yrs 4 — W’ell — 6 to 18 mos 

following subtotal 9— Pain — t mos to 6 yrs 2 — Improied — 11 to 14 mos 

gastrectomi for *2 — Recurrences of bleeding — 13 mos post- 

duodenal ulcer operatue 

1 — Recurrence of pain — 10 mos postoperative 
1 — Death — 14 days after operation (hemor- 
ihage into left adienal gland) 


2 

Gastrojejunal ulcer 

2 — Bleeding — 6 to 9 yrs 

1— W'ell— 17 mos 


following gastro- 


1 — Well — 7 mos (Mot'hty disturbances 2 


enterostomy for 


mos ) 


duodenal ulcer 




One case previouslv reported in Tr Am Surg Assn Vol LIX, 1941 p 334 


Dr Fraxk H Lahey, Boston These papers represent a very fair presentation of 
W'hat is going on wnth vagotomy I w'ant to present one thing unfavorable to subtotal gas- 
trectomy, and the relation of vagotomy to it, based upon our experience with it The 
members of our gastroenterologic department have been studying patients who have had 
bleeding after subtotal gastrectomy done for a bleeding duodenal ulcer Of lOO patients 
having duodenal ulcer wLo have had subtotal gastrectomy with hemorrhage as the 
indication for surgery, and in whom the subtotal gastrectomy w'as at a very high level and 
the bleeding ulcer removed m every case, 28 have bled postoperatively Although only 
five of these patients were proved to have jejunal ulcer, it seems reasonable that the re- 
mainder must have had at least some mucosal ulceration to have produced the bleeding 
Afany of these patients have not bled again and are perfectly well, but this is a disturbing 
percentage of bleeding cases after subtotal gastrectomy for bleeding duodenal ulcer 

When w'e have a group of 28 patients wuth postoperative bleeding out of 100 with par- 
tial gastrectomy, we believe that anything that can be added to make the operation more 
aggressive should be done We therefore believe that 111 all subtotal gastrectomies done 
upon patients with bleeding duodenal ulcers, mfradiaphragmatic vagotomy is a valuable 
measure to be employed m addition to the subtotal gastrectomy, and we recommend and 
have employed this additional procedure 

Regarding our use of vagotomy, we would not employ this procedure, as has been 
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done, in any patient with a gastric ulcer because of the dangers, which I have already 
stated in a previous discussion, of overlooking malignancy We particularly employ va- 
gotomy, preferably transthoracic vagotomy, for jejunal ulcers which have occurred after 
subtotal gastrectomy We would employ vagotomy for duodenal ulcers at or below the en- 
trance of the common duct into the duodenum, and for those occasional low duodenal 

Table II 

RECURRENCE'S FOLLOWING SUPRADIAPHRAGMATIC VAGOTOMT 

Preoperative Date of 

Diagnosis and Date of Postoperative Abdominal Operative 

Case Symptoms Vagotomy Symptoms Evploration Procedure 


JR 

547866 

Duodenal ulcer 
Pam — 4 yrs 

5/ 2/46 

Vomiting 

Foul eructations 
Pam 

12/12/46 

7 mos 

Ulcer — Healed 
Pylorus — Patent 
Stomach — Slightly 
dilated 

Colon and duodenum 
— Dilated 

Exploration only 

RH 

548657 

Duodenal ulcer 
Pam — 6 yrs 

5/16/46 

Vomiting 

Foul eructations 

1/ 9/46 

7 mos 

t/Zcer— Healed 
Pylorus — Patent 
Stomach — Twice 
normal size 

Subtotal 

Gastrectomy 

AJ 

548450 

Duodenal ulcer 
Pam and vomiting 
25 yrs 

5/16/46 

Vomiting 

Foul eructations 

10/28/46 

5 mos 

Ulcer — Healed 
Pylorus — Patent 
Stomach — Dilated 

Subtotal 

Gastrectomy 

AA 

549604 

Duodenal ulcer 
Pam ly^ yrs 

6/ 3/46 

Vomiting 

Foul eructations 
Pam 

12/ 2/46 

6 mos 

Ulcer — Healed 
Pylorus — Patent 
Stomach — Dilated 
and flabby Scar 
of old gastric ulcer 

Subtotal 

Gastrectomy 

WK 

547393 

Duodenal ulcer 
Pam — IH yrs 

5/13/46 

Vomiting 

Pam 

7/ 8/46 

2 mos 

Ulcer — Active 
Pylorus — Moderate 

Subtotal 

Gastrectomy 


stenosis 

Stomach — Normal 


Table III 

SUMMARY 


44 Cases Treated by Infradiaphragmaite Vagotomy 


No of 
Cases 

Accompanying 

Procedure 

Diagnosis 

Results 

3 

Vagotomy only 

Gastrojejunal ulcer 

2 — ^After gastroenterostomy 

1 — ^After subtotal gastrectomy 

Recent 

15 

Gastroenterostomy 

Duodenal ulcer 

1 Died from secondary jejunostomy 
(pentonitis) 

1 Well — 14 mos 

13 Recent 

26 

Subtotal gastrectomy 
(1 prepyloric 
exclusion) 

24 Duodenal ulcer 

2 Gastrojejunal ulcer after 
gastroenterostomy 

6 — ^Well — 5 to 17 mos 

1 Improved — 11 mos 

19 Recent 


ulcers so adherent to the common duct that we do not believe they could be resected safely 
We know from our own experience that there are rare duodenal ulcers occurring in the 
duodenum below or at the level of the entrance of the duct in which, if resection were done, 
transplantation of the common and pancreatic ducts, as we have occasionally done, would 
be necessary We w’ould m addition like to select a series of uncomplicated duodenal ulcers 
in which we could do a transthoracic vagotomy without the need of other complicating 
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operations such as gastroenterostomy, with the hope that we could eventually interpret for 
ourselves the value of this procedure in this group of patients in whom but a single proce- 
dure (vagotomy") has been applied 

Dr Paul H Thorlakson, Winnipeg I belong to the group of surgeons who have 
observed this new procedure with considerable hope but with some skepticism May I 
summarize, without comment, the expeiience at the Winnipeg Clinic in 39 cases of gastric, 
duodenal and marginal ulcers subjected to vagotomy My associates in the department of 
surgery. Dr AI B Perrin and Dr K R Trueman, working in collaboration with Dr 
J W Macleod of the department of medicine, are chiefly responsible for the selection of 
cases and for the pre- and postoperative studies as well as the surgical procedure m this 
series The series began in May, 1946, and includes those treated up to February of 
this year 

Our series consists of 39 cases with no mortality Thirty-three underwent intrathor- 
acic and sin subdiaphragmatic vagotomy The ages varied from 21 to 59 years There 
were five women and 34 men in the series Thirty-four of the patients had duodenal ulcer, 
two had gastric ulcers and two had marginal or stoma ulcers Seven of these patients had 
had previous gastroenterostomies 

The immediate results have for the most part been unusually satisfactory Certain 
early difficulties have been reduced as our experience has increased 

There has been in all cases after the operation relief of ulcer pain Obviously it is too 
early to know how permanent this may be The great majority have felt well and have 
gained weight There has been a very appreciable improvement in their outlook on life 
The ulcer craters have healed in a relatively short time as demonstrated by x-ray studies 
Gastric acidity has been reduced and in some there is an achlorhydria However, in some 
there has been a response to the insulin hypoglycemia test, indicating the possibility of sur- 
viving intact vagus nerve fibers 

A number of postoperative conditions have been encountered In 21 cases fluid was 
present in the chest, as evidenced clinically or by x-ray film In only seven was it necessary 
to require aspiration Several of these latter had a troublesome cough and severe pain in 
the chest, which were considerably relieved by aspiration of the fluid Dysphagia was a 
complaint in five instances , the difficulty was for the most part temporary, although esoph- 
agoscopy was resorted to in one patient to provide relief as well as to investigate the 
possibility of damage Diarrhea has occurred in four cases It has not been serious and 
tends rather to be intermittent Most cases have shown some gastric retention after sur- 
gery and in three it has been marked A most stubborn case was advised to have gastro- 
enterostomy for relief, but the patient refused A recent advice from him indicates that 
he has felt well and gained weight 

One patient, having a large gastric ulcer of long duration, showing an atonic 
stomach and prolonged emptying time, still has her ulcer, decreased m size, but present 

Two cases with duodenal ulcer have their ulcers at the present time, one is a re- 
currence and one has not healed in six months Both these cases showed acid response 
to insulin injection postoperatively These may be cases of incompletely sectioned vagus 
nerves, it is possible some fibers enter the wall of the esophagus and cannot be seen or 
felt at the time of operation 

At the present time it is our feeling that the delayed emptying of the vagotomized 
stomach does not constitute such a problem that gastroenterostomy should be performed 
routinely By such a combination of procedures one cannot correctly evaluate a method 
of therapy which by itself appears to possess much merit 

Dr William DeW Andrus, New York I should like to introduce into this dis- 
cussion a report of physiologic studies which, while made on a single patient, have shown 
certain interesting effects of vagotomy 
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The patient was a man about 50 years of age who entered the hospital with almost 
complete obstruction of the esophagus due to carcinoma The size and extent of the 
growth above the arch of the aorta made it appear from the x-rav that the growth was 
inoperable, or if operable that a complete resection of the thoracic esophagus would be 
required A gastrostomy of the Glassman type was therefore performed for feeding 
purposes and in order to permit moie direct observations on gastric function. Dr 
Stewart Wolf then collaborated with us in making extensive studies on this patient, 
similar to those made with Dr Harold Wolff on “Tom”, a man with a permanent 
gastrocutaneous fistula While because of anacidity it was not possible to study the 
secretion of acid m this patient, a variety of other studies were carried out, among 
them investigations of the effects of emotion on the gastric mucosa 

It happened that this patient felt very resentful about the wav his case has been 
handled by a certain doctor before the diagnosis was made, and when questioned about 
his treatment before entering the hospital his face would become flushed and he would 
swear and show other evidences of extreme resentment and anger During such an 
episode the gastric mucosa observed through the gastrostomy would become very 
engorged and red, showing changes identical AVith those seen by Wolff and Wolf in 
‘ Tom” under similar emotional stress These studies were carried out on several occa- 
sions before exploratory thoracotomy was performed At the time of this operation 
the growth was found to involve the aortic arch and the surrounding structuies to such 
an extent as to be inoperable A supradiaphragmatic section of the vagus nerves was, 
however, carried out and after about two weeks had elapsed the pre-operative studies 
of gastric physiology w'ere repeated The most striking finding was the fact that 
episodes of resentment now, while they were associated with flushing and external signs, 
no longer produced any changes in the gastric mucosa 

These studies suggest that after vagotomy the changes in the gastiic mucosa asso- 
ciated with certain emotions such as the turgescence which has been showm to lead to 
increased susceptibility to superficial eiosion or injury, may be eliminated 

Dr Edwin M Miller, Chicago One would be bold to attempt to add very much 
to this very instructive sy'mposium, but one statement can be made, I am sure, w’lthout 
fear of contradiction, 1 e , that this work of Dr Dragstedt and his associates has brought 
before the public a topic that has proioked more discussion and more argument than 
any m the entire field of surgery in recent years Not only does this apply to meetings 
where doctors are gathered together, but to gatherings of lay people as well, especially 
where doctors’ wives are present, or patients suffering from peptic ulcei One can also, 
in the mind’s eye, see innumerable examples over this country' of small family gatherings 
w'here one member has had an ulcer, and as a result all of them have become more or 
less familiar, either through the daily new'spaper, literary digests, or medical magazines, 
with this new treatment for the disease This widespread publicity will doubtless in 
the long run be a good thing, yet temporarily it may be detrimental to progress m this 
field There will be many doctors who will be carried away by the general enthusiasm, 
w'lll be over-zealous m performing these vagus nerve operations, with unsufficient indi- 
cations, without adequate preoperative study, without technical ability, and who have 
not the laboratory facilities for making careful postoperative follow-up studies As a 
result, inaccurate observations may be published, and the tiue worth of vagus nerve 
sections in the treatment of chronic peptic ulcer may not be determined for a long time 

We hesitate at this time to make any definite statements about results in our own cases , 
first, because the series (15 personal cases and 25 others) is very small, second, because 
the elapsed time since our first operation has been too short However, we can with 
certainty say that we are thus far very favorably impressed with the progress of our 
patients We have preferred the transthoracic approach, because our anatomic studies 
have show’n us that a more accurate dissection can be made through the chest, and there- 
fore the chance of leaving behind undivided vagus nerve branches is minimized Yet 
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we acknowledge the necessity of the abdominal route when the need for a gastroenteros- 
tomy IS present 

Our postoperative complications have been few in number, minor in degree, and 
temporary in duration Among them may be listed cardiospasm, pylorospasm, delayed 
emptying of the stomach, pain m the chest, mild paralytic ileus, and diarrhea A more 
definite statement can be made after much more time has elapsed 

Dr R Kennfdv Gilchrist, Chicago I have heard this discussion three times, 
and there is one question I would like to have answered It seems that we have 
intestinal upsets after surgery Before surgery, there is high acidity, and after surgery, 
no acid is present Also, there is very much delayed emptying time of the stomach 
With the absence of acid, this establishes a perfect culture medium It seem that one 
of the most common complications is diarrhea I would like to know how much w'ork 
has been done on the question as to whether there is a change in the flora of the stomach, 
or w'hether some peculiar flora is present which, wdien the contents of the stomach are 
emptied into the intestine, causes the diarrhea 

Dr Harold M WooK^^, Toronto I have listened with a good deal of interest to 
the symposium on the effects of vagotomy on the function of the stomach and to its 
application in the treatment of peptic ulcer It has been suggested that the full bene- 
ficial effects of this procedure w'ould not occur unless all the vagus fibers w'ere included 
I have found that the esophagus and vagi are more easily reached by a rightsided ap- 
proach through the thorax The \agi may then be divided at a higher level and m 
this w'ay one would be more certain that all fibers proceeding to the stomach aie included 
In my opinion, this is a simpler operation and less disturbing to the patient 

Dr Ow'en H Wangensteen, Minneapolis As physiologist and surgeon Dr 
Dragstedt has made contributions of the greatest importance to our understanding of 
gastric physiology I am certain that surgeons and physiologists generally are awaiting 
w'lth keen interest the outcome of this new' venture of Dr Diagstedt in attacking the 
problem of ulcer by the performance of complete vagus section In our clinic, there is 
an intense interest in the ulcer problem, both m the hospital and m the laboratory 
With reference to the question of vagotomy, however, we have felt this is a problem 
which should be threshed out in a few areas Yet in my community, a number of 
surgeons in the Tw'in Cities who had never explored the possibilities of resection are 
performing vagotomies in large numbers In January, Dr Walters and his associates 

from Rochester presented their material on vagotomy His results suggest definitely 

that vagotomy does not consistently afford patients w'lth ulcer that degree of protection 
w'hich one would like to find in an operative procedure As a matter of fact, following 

Dr Walters’ talk on vagotomy for ulcer in St Paul, it w'as to be noted that all the 

lobby telephones w'ere busy Internists and surgeons alike probably were already can- 
celling vagotomies that had been scheduled In any case, m my area, the enthusiasm 
for vagotomy has been dampened perceptibly by the report of Dr Walters and his 
colleagues 

It would be very helpful indeed if an experiment could be devised by which the 
protection afforded by vagotomy against the ulcer diathesis could be tested critically 
Pavlov showed that vagotomy ablated the cephalic or psychic phase of gastric secretion 
Moreover, Dr Dragstedt has shown that vagotomy has a profound depressing influence 
on gastric secretion in man Vagotomy, however, does not impede humoral stimuli 
of gastric secretion And m dogs, whereas there is an early depression of gastric 
secretion following vagus section, with the elapse of time there appears to be a fairly 
complete recovery viewed from the over-all response to a meat meal * 

* Discussion of Dr L R Dragstedt’s paper “Section of the Vagus Nerve in Treat- 
ment of Gastrojejunal Ulcer” Minn Medicine, 21 604, 1946 
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Vagotomy fails to protect against the histamine-provoked ulcer in the dog (Ivan 
D Baronofsky, Stanley Friesen, Enrique Sanchez-Palomera, Frank Cole, and Owen H 
Wangensteen 62 114, 1946) Obviously, there is no real antithesis between vagotomy 
and histamine, for histamine will stimulate the parietal cells after vagotomy Hence, 
Dr Dragstedt justifiably may object to testing the protection afforded by vagotomy 
against the histamine-provoked ulcer However, the very circumstance that vagotomized 
patients will not be protected against humoral influences such as food, caffeine and 
alcohol, which stimulate the parietal cells to secrete hydrochloric acid, suggests that 
vagotomy may prove an inadequate protection against the ulcer diathesis of man Even 
in dogs, vagotomy will retard the histamine-provoked ulcer but it will not preclude its 
occurrence My associates and I are trjing to determine in the laboratory whether 
vagotomy will protect against some of the abetting causes of ulcer It will be par- 
ticularly interesting to try to determine whether vagotomy will abolish the ulcerogenic 
effects of tension-states My associate. Dr Walter Lillehei, is accumulating some in- 
teresting data on the effects of stimulating the extrinsic nerves of the stomach as well 
as on the effects of removal of its extrinsic nerve supply Sympathectomy definitely 
abets the ulcer diathesis in dogs and we might reasonably assume that some patients 
who have undergone sympathectomy for hypertension may develop ulcer Vagotomy, 
on the contrary, does exhibit a retarding effect on the development of ulcer The extent 
of this delaying or retarding influence remains to be determined 

When a patient with an ulcer submits to operation for its correction, he may right- 
fully expect protection from ulcer recurrence That, however, has been the great weak- 
ness of operations devised to rid a patient of the ulcer diathesis We surgeons have 
been too empirical in our approach to this problem Dr Dragstedt s medical associate. 
Dr W L Palmer, is author of the statement that 40 per cent of patients for whom 
gastrojejunostomy was performed for duodenal ulcer at the University of Chicago Clinics 
developed gastrojejunal ulcer* That gastrojejunostomy sensitizes a dog to the occurrence 
of gastrojejunal ulcer is well known** This circumstance is even more evident in 
dogs receiving histamine-in-beeswax after gastrojejunostomy, ulcer occurs much more 
readily than it does in the dog that has not undergone gastrojejunostomy 

The wisdom of adding gastrojejunostomy to vagotomy to thwart the ulcer diathesis 
in man is therefore a debatable matter 

Dr R Arnold Griswold, Louisville, Ky (closing) My personal experience with 
vagotomy is limited to 34 cases I will simply say that the results have been satisfactory 
to us and to the patients, with about the same ratio of good results and side effects as 
presented by the other speakers In addition to the chemical work Dr Schoen has done, 
we have been interested in the psychiatric side of the ulcer problem Dr Arthur Benton 
of the University of Louisville Mental Hygiene Clinic, has been doing psychologic tests 
including the Rorschach test and the Minnesota multiphasic personality inventory on 
these patients before and after operation All patients tested preoperatively showed more 
or less severe degrees of psychologic disturbance The majority showed emotional con- 
striction, a pattern usually associated with severe psychoneurosis Others showed the 
type of performance often found in chronically maladjusted, aggressive individuals who 
show evidence of hostile and (using the term in a broad sense) paranoid attitudes 
Since vagotomy may be considered as separating the soma from the psyche, we have 
been interested in repeating these tests postoperatively So far, in the small number of 
indniduals tested, postoperative tests have shown no psychologic change due to relief 
of the ulcer symptoms They are still the same emotionally disturbed individuals as 
they were before operation Tests will be continued at a later date following operation, 
since the average postoperative test so far has been about two months postoperative 

* Journal-Lancet, 62 415, 1942 

** Montgomery, A H Gastrojejunal ulcer, an experimental studj. Arch Surg, 6 136, 
1923 
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Concerning the question of operative appioach, we have favored the thoracic exposure 
because of the greater ease, facility and certainty of dividing all vagal fibers, as well as 
the lessened morbidity following this approach Of course, in those cases in which a 
drainage operation is necessary, or in which it is felt necessary to visually and manually 
examine the pathology, the abdominal approach has been used We have used the 
abdominal approach in about 25 per cent of our cases Routinely, I do not think it 
makes much difference It is a minor problem, such as whether you remove a gall- 
bladder from the fundus down or the cystic duct up The surgeon who is more familiar 
with abdominal surgerj' than with thoracic surgery will probably always prefer the 
abdominal approach I do not think it is a matter of much importance 

Dr. Francis D Moore, Boston (closing) I would like to thank the essayists and 
discussors for a most instructive afternoon One point should be emphasized that I 
did not stress before, namely, that one year after vagus resection the fasting acidity and 
motility of the stomach have readjusted themselves to denervation and returned to 
essentially normal values I am not referring to overnight suction experiments such 
as Dr Dragstedt has studied, but rather to serial determination of the titratable acidity 
and pH of the secretion The “psychic phase” is doubtless still abolished and the insulin 
curves remain “flat” However, we should not lose sight of the fact that a year after 
vagus division titratable free acidity in the stomach is often 20 and 50 units and a pH 
between i and 2 We should therefore not refer to vagus division as an operation 
which lowers gastric acidity It produces a temporary change in fasting acidity, and 
doubtless a permanent change in acidity produced in response to cortical stimuli 

As to the fibers which have been found in the wall of the esophagus, I am quite 
puzzled as to the proper interpretation of these data We dissected a good many cadavers 
before we carried out our first human operation, and in all of these we found fibers of 
the vagi in the esophageal \vall These fibers, which are occasionally fairly good size, 
ran down and ended for the most part in or just below the cardiac orifice We interpreted 
them as motor fibers to the muscular wall at the junction of esophagus and stomach I 
would not feel convinced that sectioning one of these small fibers had accomplished 
much change in the physiologic conduct of the rest of the organ 

As for doing this operation with subtotal gastrectomy, I have shuddered when this 
has been mentioned as a routine procedure It did not seem justified to subject a large 
group of patients to the side effects of vagus division when they were already having an 
operation carried out which has its own imposing list of by-products However, there 
may remain a special group of cases such as Dr Lahey mentioned in which the combina- 
tion is justifiable 

We operate through the chest purely for anatomic reasons, feeling that we do a 
better job 

Although vagus resection is in a very difficult phase to evaluate I think that it is 
going to work itself into the overall picture in a fashion analagous to splanchnicectomy 
for hypertension In both situations we have varying combinations of local, humoral, 
neurogenic, and environmental factors responsible The nerve-dividing operation controls 
only those patients m whom nerve-mediated factors are of outstanding significance I 
would never expect 100 per cent good results from this operation if applied to an 
unselected ulcer population The reason for this is that in a large group of ulcer 
patients these various etiologic mechanisms are at work in varying combinations I 
think the final solution of our problem is going to come when, by careful research 
we learn how to select those patients in whom the nerve-mediated factors outweigh in 
importance the other ulcer-producing mechanisms 

Dr Waltman Walters, Rochester, Minn (closing) In answer to Dr Gilchrist’s 
question, is it not likely that one cause for the diarrhea is jejunitis, which is found in 
some who have had persisting symptoms In nine dogs in wffiom the Mann-Williamson 

707 



DRA.GSTEDT, HARPER, lOVEE AND WOODWARD 


Annals of Surgerj 
Isovember 194* 


ulcer was produced, Saltzstein and Sandwiss found severe jejunitis present in si\ 
These dogs had diarrhea Bacterial contamination of food remnants remaining in the 
stomach as a result of gastric stasis from atonicity is another possibility, as Dr Gilchrist 
has mentioned 

Dr. Lester R Dragstedt, Chicago (closing) I should like first to refer to Dr 
Wangensteen’s comment We are greatlj’' indebted to him and to his associates for 
one of the most significant experiments on the pathogenesis of peptic ulcer He demon- 
strated that if an excessive, continuous secretion of gastric juice is produced and main- 
tained in experimental animals, peptic ulcers regularly develop This excessive gastric 
secretion was produced by implanting pellets of histamine and beeswax into the subcutan- 
eous tissues The gradual absorption of histamine from these pellets provided a long con- 
tinued chemical stimulation of the gastric glands in the inteivals between meals I am 
not surprised at Dr Wangensteen’s statement that these histamine ulcers can be regularly 
produced in animals even after division of the vagus nerves So far as we know, histamine 
acts chiefly locally on the neuroglandular apparatus in the stomach and not on the 
brain Section of the vagus nerves, therefore, should not interfere with the secretory 
effect of the absorbed histamine I should like to emphasize again that in patients with 
peptic ulcer, the excessive, continuous secretion of gastric juice is neurogenic in origin 
and IS abolished by division of the vagus nerves to the stomach The excessive, continuous 
secretion of gastric juice produced hy the implantation of pellets of histamine and bees- 
wax into the subcutaneous tissue, on the othei hand, is chemical in origin and should 
not be abolished by sectioning the vagus nerves to the stomach The situation in the two 
cases IS, therefore, not comparable 

Early in our work vith gastric vagotomy in the treatment of peptic ulcer, we were 
impressed wnth the profound decrease in tonus and motility of the stomach which follows 
this operation It is important, how'ever, to realize that w’hereas the motility is reduced, 
it IS not abolished, and that after a time, a readjustment in the peripheral automatic 
motor mechanism of the stomach takes place so that the gastric movements return toward 
the normal state In the interial, how'ever, the stomach is \er\ susceptible to the dilating 
effect of swallowed air and accumulated secretion Overdistention of the stomach at this 
time markedly delays the resumption of normal motility through the agency of Auerbach’s 
plexus It IS our usual practice to decompress the stomach by means of the Wangensteen 
apparatus for five days follow'ing the vagus section, then allow' small amounts of w'ater, 
and subsequently aspirate the stomach to determine if retention has occurred Only when 
liquids empty readily do w'e allow solid food The patients are carefully instructed not 
to overload the stomach for the first few' months following the operation The dietary 
restriction is thus quantitative rather than qualitatne m nature 

I was very much interested in Dr Mooie’s statement -that within a year following 
section of the vagus nerves to the stomach, the secretion of gastric juice and motility 
return to the preoperative level In our experience, section of the vagus nerves has 
abolished permanently the nervous phase of gastric secretion I think this is most impor- 
tant Up to the present time, w'e have secured no evidence of regeneration of the secretory 
fibers in the vagus nerve to the stomach as determined by physiologic tests The usual 
failure of the recurrent larjngeal nerve to regeneiate follow'ing damage in thyroid 
surgery is of interest in this connection While the period of clinical observation is still 
too short for us to know' w'hether or not recurience of these ulcers that have healed 
follow ing 1 agus section will take place, the data from the experimental laboratory permit 
us to be quite optimistic I do not believe that these ulcers will recur unless the vagus 
nerves regenerate and the excessive, continuous secretion of gastric juice of nervous origin 
is resumed Since regeneration of these nerves has not been seen even in the patients 
operated upon four years ago, it seems unlikely, on the basis of what we have learned 
about regeneration of neries elsewhere, that this w'lll take place 
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The recognition of the existence of visceral pain has been compaiatively 
recent Befoie and for some yeais after Langley’s^ (1903) review of the 
functions of the autonomic neivous system it was believed that such afferent 
fibers as weie knowm to accompany autonomic nerves served only m reflex 
mechanisms to autonomic tissues and w^ere “incapable of directly giving rise to 
sensation ” Ross^ 111 1887 had shown that tension in a hollow viscus produced 
pain that w^as percen ed m a coi 1 espondmg cutaneous dermatome on the abdom- 
inal wall But Lennandei" (1902) as a result of obseiving the lack of pain 
wdieii the bow'el w^as cut 01 otherwise traumatized concluded that the bowel was 
insensitive to painful stimuli and that any pain accompan3ung visceral stimu- 
lation resulted from irritation of the pain sensitive parietal peiitoneum It 
w'as not until 19 ii that Hurst, ^ emplo3ung balloon distention of the bowel, 
demonstrated conclusively in man that sensation fiom the bowel could be 
elicited and emphasized the need for employing an adequate stimulus in study- 
ing visceral sensation 

Stimulation of the parietal pleura or peiitoneum by friction or faradism 
results in pain, the impulses travelling via somatic afferent fibers in spinal 
nerves But visceral pleura and peritoneum have been found insensitive to 
similar stimuli, and most observers have hkewnse found the mucosa of the 
stomach and bowel to lack pain sensitivit3^ ^ The stimulus adequate for the 
production of visceral pain is believed by many to be traction on the mesen- 
teries, and Alvarez® states that neither distention nor contraction of a hollow 
VISCUS causes pain unless the adjacent mesentery is stretched On the contrary, 
others®’ ® believe that pain which results from distention of a viscus is due to 
stretching of its sensory nerves, wdnle Huisf^ and Ryle^® contend that tension 
of the muscular coat or a distended or contracted viscus provides the stimulus 
for pain 

Many analogies can be drawm between somatic and visceral pain but cer- 
tain striking differences are important to recognize for purposes of clinical 
investigation Somatic pain wdnch is conducted by spinal nerves has the 
property of sharpness and accurate surface localization which is largely ac- 
quired after birth, while visceral pain on the contrary is deep, dull and less 
well localized But sometimes there may be a supplementary mechanism by 
which visceral pain is referred to a cutaneous region which has a corresponding 
segmental innervation Sometimes this referred pain has been looked upon as 
the sole manifestation of visceral pain but blocking of the painful area locally 

* Read before the Meeting of the American Surgical Association, March 2=1-27 1047 
Hot Springs, Va 
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or interruption of the spinal nerves supplying the area by procainization cannot 
be counted on to abolish visceral pain 

The matter of the types of end organ for visceral pain reception and their 
exact location is still unsettled Tyrrell-Gray’-^ { 1922 ) advanced the view that 
the afferent end organs were the Pacinian corpuscles occupying the mesentery 
and that they responded to mechanical, thermal, chemical and electrical stimuli 
Sheehan’^ (i 933 ) summarized his studies of degeneration following section 
of the vagi and sympathetics by concluding that visceral pain in the abdomen 
arises from mesenteric nerve endings of 3 types (i) Pacinian Bodies, (2) 
free endings of myelinated nerves and, (3) free endings of a fine plexus of 
non-myehnated fibers The Pacinian corpuscles were found to be distributed 
to the mesentery of the bov el chiefly around large vessels but not m the bowel 
wall, and in the pancreas and about the biliary tree but not in the omentum 
Splanchnicectomy resulted m degeneration of the Pacinian corpuscles 

The vagus nerves possess afferent fibers which are believed to conduct 
certain reflex stimuli from the abdominal viscera but not pain sensation 
(Cannon’^) While some still doubt that the vagus nerves do not transmit 
pain impulses from abdominal viscera almost all investigators agree that the 
splanchnics and other sympathetic nerves do possess visceral pain fibers 
The axones of the visceral afferent nerves accompanying the sympathetic 
nerves are poorly myelinated and their rate of conduction is slow They run 
all the way to the cord without synapse and enter via the posterior spinal roots 
Earlier contention that visceral afferent impulses traversed anterior spinal 
roots’® has been largely discredited by later work such as that of Davis, Pollock 
and Stone” which concluded that visceral afferents enter the cord only by the 
posterior roots 

A table of the segmental sensory innervation of the viscera was compiled 
by White and Smithwick’® (1941) from available experimental and clinical 
data, but much of the evidence is of necessity inferential On the whole, com- 
paratively few observations have been made in man on the pathways for the 
conduction of visceral pain Efforts to map the spinal segments which transmit 
painful sensations from various levels in the gastro-intestmal tract by para- 
vertebral injection of anesthetic agents have been described by La wen” and by 
Kappis and Gerlach Adson’® (1935) and Leriche"® (’ 937 ) =*^imulated the 
splanchnic nerves in the course of operations performed during spinal anes- 
thesia and produced pain in the upper scapular region on stimulation of the 
greater splanchnic, and pain lower down on stimulation of the lesser nerve 
White^’ (1943) reviewed the sensorj' innervation of the viscera in man based 
on neurosurgical procedures performed for the relief of intractable pain and 
added an account of his own experiences 

Conclusions drawn from the results of somewhat blind injections of anes- 
thetic agents about unseen nerves usually leave some doubt and the aggregate 
of experiences with alteration in visceral sensation after surgical interruption 
of visceral afferent nerves is relatively meager and inconclusive For example, 
pain sensation originating in the heart and in the urinary bladder has received 
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greater attention than almost any other form of visceral sensation, yet the 
information is incomplete Sympathectomy^®’ and posterior rhizotomy^®’ 
for relief of cardiac pain have effectively demonstrated afferent pathways 
through the upper 5 thoracic sympathetic ganglia and posterior roots but 
leave unexplained the residual pain m the neck which occui s m some patients 
LearmonthV® investigations of bladder sensation indicate the role of visceral 
afferent fibers in the triple innervation of the bladder but leave unanswered 
the detailed pathway of the sensory fibers accompanying the sympathetic 
nerves 

The present study was carried out on a senes of patients most of whom 
had hypertensive cardiovascular disease and all of whom were subjected to 
thoracolumbar sympathectomy 111 which the paravertebral ganglionated chain 
was resected from the seventh thoracic through the third lumbar ganglia, and 
the splanchnics were resected from the celiac ganglia to a point above the con- 
tribution of the seventh thoracic rami In certain studies additional inter- 
ruption of nerve pathways supplemented the standard sympathectomy Ob- 
servations were made on the pain sensitivity of the stomach, large and small 
intestine, biliary tree, pancreas and urinary tract prior to denervation, and at 
various times up to one year after light or left sympathectomy and after 
bilateral sympathectomy Such tests are tedious and try the patience of both 
the subject and the examiner The use of the tests and interpretation of the 
results require circumspection All of the results to be reported have been 
observed more than once and in some cases many times, and while it is 
realized that additional observations are desirable the findings seem adequate 
at least for a preliminary report 

BALLOON DISTENTION OF THE INTESTINAL TRACT 

Fifteen patients were selected for this study A rubber bag attached to the 
end of a Miller- Abbott tube was passed through the mouth to various levels m 
the intestinal tract and the position of the bag identified by fluoroscopy 

The mam cavity of the stomach because of its size and the distensibility of 
its wall does not lend itself readily to studies with the balloon and therefore 
no observations of pain by distention were made However, the effects of 
temperature were studied (see section on thermal stimulation) 

The small bowel was distended at numerous points from the duodenal 
cap to the cecum (Fig i) As a rule the pain thus induced was normally felt 
m a relatively discrete area somewhere m the niidlme between the xiphoid 
and the umbilicus , that from the duodenum was felt m the upper epigastrium, 
and that from the jejunum and ileum nearer the umbilicus A volume of 50 
to 75 cc of air in the balloon producing a pressure of i to i 5 centimeters of 
mercury was sufficient to cause a distinct but bearable deep aching pam Dis- 
tention to 90 to 120 cc of air at a pressure of i 5 to 2 cm of mercury was 
perceived as a moderate to severe pain, while more than 120 cc of air at 3 
cm mercury pressure caused severe and more widespread pain m the midline 
of the abdomen Patients subjected to the latter pressure often became pallid 
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developed a cold, clammy feeling and a desire to eructate Pam did not occur 
m the back While distention of the jejunum and uppei ileum was always 
accompanied b) pain at or above the umbilicus distention of the terminal ileum 
sometimes also caused pain below the umbilicus and occasionally about Mc- 
Burney’s point This exceptional pain below and to the right of the umbilicus 



AFTER LT SYMPATHECTOMY AFTER BILAT SYMPATHECTOMY 


Fig I — Balloon distention of gastro-intestinal tract Eight areas of sensorj reference 


did not have the deep aching character of the usual para-umbilical pain and 
could have occurred as a result of local parietal peritoneal stimulation or as 
a referred pam 

On repetition of the tests after either left or right syinpathectoiii) , there 
was no alteration m the region at which pain was felt or in the threshold of 
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pain appieciation Theie was no tendency foi lateralization of the pain to 
the uiidenervated side Aftei bilateral sympathectomy pain could not be 
elicited with distention even aftei 300 cc of an at 4 to 6 cm of mercury 
pressui e 

The Imge bowel is less satisfactoiy to investigate because of the difficult 
and unpleasant task of passing the tube and balloon the longer distance and 
maintaining it foi the peiiod of time necessary for the tests However, enough 
observations were made to afford geneial conclusions About the same 
piessure nithin the balloon sufficient to cause pain m the small bowel was 
adequate stimulus foi pain in the large bowel with the possible exception 
that lelatively highei pressui e was sometimes needed in the cecum to cause 
pain of comparable degiee to that from i to 2 cm mercury pressui e in the 
rest of the large bowel The sites of pain were relatively discrete and became 
more diftuse only with met eased pressure within the balloon The patterns 
of reference are indicated in Figure i Normally, distention of the cecum 
was perceived as pain in an area just below and to the right of the umbilicus 
and pain arising from the hepatic flexure and proximal portion of the 
transverse colon occuried at points within a larger area extending from the 
umbilicus dowmvard and to the light From distention of the splenic flexure 
and descending colon pain was felt in the low'er abdomen to the left of the 
umbilicus, while pain fiom the rectosigmoid was distributed across the 
suprapubic region extending perhaps moie to the left side In addition to 
tests wuth the balloon passed orally, several satisfactoiy observations on the 
lower bowel m its last 50 cm w^ere made using a tube with a cod spring 
incoiporated in a #20 Frencli catheter passed thiough a proctoscope (This 
tube w^as devised by Thomas P Almy and Fred Kern of the New York 
Hospital ) 

After right sympathectomy the only alteration in large bow'el sensation 
observed w^as absence of pain on distention of the cecum After left sympa- 
thectomy no alteration m large bow^el sensation resulted from the studies 
employed although in the patients examined no satisfactory observations 
were made of distention of the splenic flexure and descending colon After 
bilateral sympathectomy the appreciation of painful distention of the large 
bowel was abolished above the level of 16 cm from the anus Below this 
level, distention of the bow'el wuth the minimal adequate pressure still 
elicited pain in the suprapubic region In addition, distention of this lowest 
segment produced a desire to defecate 

THERMAL STIMULATION 

In normal subjects distention of a balloon in the stomach with water at 
temperatures of 110° to 120° F caused a feeling of heat in the subxiphoid 
region, while watei at 32° F caused a feeling of cold in the same region 
Water temperatures between these extremes w^ere not definitely perceived and 
one subject did not appreciate either hot or cold In 8 of 9 subjects examined 
after bilateral sympathectomy the ability to perceive temperature m the 
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stomach was abolished In the ninth it persisted, but the area of reference 
before and after sympathectomy was at the sternal notch at the base of the 
neck A few additional observations on thermal stimulation of the small 
bowel suggested that extremes of temperature are not perceived there but 
the evidence was incomplete 



Fig 2 — Stimulation of gastro-intestinal tract (faradic, traction stretch) 

through celiotomy 

DIRECT STIMULATION OF THE STOMACH AND INTESTINAL TRACT 
THROUGH CELIOTOMY 

The combined observations were made on 6 patients having unilateral 
or bilateral sympathectomy in whom some intra-abdominal operation was 
necessary Regional procain anesthesia was employed only to open the 
anterior abdominal wall and peritoneum The methods of stimulation em- 
ployed included pinching and local stretching of the gastric and intestinal 
walls, traction on the mesenteries and omentum, and faradic stimulation of 
various structures The electrical stimulation was performed with the Hinsey- 
Geohegan stimulator using a bipolar electrode and a current of between 3 
to 5 volts The results are diagrammed in Figure 2 

Even though tests were not made on unsympathectomized patients some 
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part of the gastro-intestinal tract was pain sensitive in the combined group 
of patients having unilateral (either right or left) sympathectomy Pinching, 
local stretching, and faradic stimulation of the walls of the stomach and 
intestine failed to cause pain except at points close to the proximal mesenteric 
attachments The greater curvature of the stomach, the gastrocolic omentum, 
and the greater omentum as well as the larger vessels they contain were not 
found to be pain sensitive When any pain sensitivity was elicited along 
the gastro-intestmal tract it resulted from some form of stimulation of the 
mesenteiy or at the mesenteric attachment to the viscus 

The stomach After right sympathectomy, traction on the cardiac end 
of the stomach produced pain first in the left upper abdominal quadrant 
As the traction vas increased precordial pain, a “tugging sensation in the 
gullet” and nausea were added to the abdominal pain Traction and electrical 
stimulation applied to the mesentery and border of the lesser curvature of 
the stomach along the proximal half of its extent also resulted in pain in 
the left upper abdomen Similar stimulation of the pylorus and first portion 
of the duodenum did not elicit pain The reverse was found m patients after 
left sympathectomy, i e , the proximal half of the lesser curvature and its 
mesentery were insensitive while the pylorus and first portion of the 
duodenum were sensitive, the site of reference of the pain being m a fairly 
discrete 'a in the midhne and possibly slightly to the right in the epi- 
gastrium ^ " After bilateral sympathectomy all these positive responses of 
pain were abolished 

The jejunum and ileum After unilateral sympathectomy, traction and, 
less constantly, electrical stimulation of the mesentery of the small bowel 
below the ligament of Treitz always resulted in pain in a relatively localized 
area above the umbilicus After right sympathectomy the pain elicited was 
to the left of the midhne, while after left sympathectomy the pain was m the 
midhne or possibly slightly to the right of it After bilateral sympathectomy 
no pain could be elicited from any form of stimulation of the small bowel 
or Its mesentery 

The laige bowel After right sympathectomy traction and, less constantly, 
electrical stimulation of the mesentery or adjacent portion of the peritoneum 
(as m the case of a retroperitoneal cecum) of the colon as far as the middle 
of the transverse colon failed to elicit pain The same was true of the 
appendix and its mesentery But traction of the mesentery at the splenic 
flexure and of the descending colon (only the upper portion was examined) 
resulted m pain m the right lower quadrant of the abdomen The reverse 
was true after left sympathectomy m that no pain followed traction on the 
mesentery of the left half of the colon above the pelvic brim while traction 
and, sometimes electrical stimulation of the mesentery of the appendix, 
cecum, hepatic flexure, and right half of the transverse colon elicited pam in 
the right lower quadrant After bilateral sympathectomy repetition of the 
tests failed to produce pam when applied to any part of the colon or its 
mesentery above the sigmoid 
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TESTS OF PAIN SENSITIVITY OF THE BILIARY TRACT AND PANCREAS 

(figure 3) 

The tests weie made through the open abdomen on 6 patients who had 
had unilateral oi bilateral sympathectomy and m whom celiotomy \\ as necessi- 
tated because of chronic disease of the gallbladder, stomach or pancreas In 
addition, observations on several unsympathectomized patients veie made, 
sufficient to establish the adequacy of the tests and to confirm similar studies 
made by others on normal sensation of the biliaiy tract Regional procain 




RIGHT SYMPATHECTOMY 




AFTER 

bilateral sympathectomy 


Fig 3 — Stimulation of bilian sjstem and pancreas stretch, faradic and distention 


anesthesia was employed to open the anterior abdominal vail and peritoneum 
The methods of stimulation employed included balloon distention of the 
gallbladder, distention of the common duct b)^ saline injection, and traction 
and faradic stimulation (3-5 volts) of all of the extra-hepatic biliary tiee, 
the cystic vessels and the pancreas 

In the unsympathectomized patients distention of the gallbladder by infla- 
tion of the balloon with air at 4 cm mercury pressure caused pain in a 
relatively small area in the midline of the epigastrium The fundus of the 
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gallbladdei and the capsule of the exposed liver were not pain sensitive to 
manipulation, local traction, or electrical stimulation But these stimuli 
applied to the cystic duct, common duct, cystic artery, or head of the pancreas, 
each produced pain in the same spot in the mid-epigastrium Pam did not 
occur 111 the back oi in the hypochondi mm 

Aftei right sympathectomy theie was no oppoitunity to study the effects 
of balloon distention of the gallbladder, but repetition of all the other tests 
on the biliaiy tract, the vessels, and head of the pancreas caused pain m the 
left hipochondiium Aftei left sympathectomy the same structuies were 
found to be pain sensitive, but the pain vas experienced m the mid-epigas- 
trium, in addition, the pain from pressure on the head of the pancreas 
extended to the right hypochondi lum and that from stimulation of the cystic 
and common ducts in one patient was experienced not only in the epigastrium 
but in the right infrascapular legion After bilateral sympathectomy no 
pain could be elicited on repetition of the tests even though the intensity 
of the stimuli w^as increased 

TESTS OF PAIN SENSITHaTY OP THE UPPER URINARY TRACT (FIGURE 4) 

111 15 patients cystoscopic examinations before and after unilateral or 
bilateral sympathectomy pei nutted obseivations on pain sensitivit}'’ of the 
ureter In the unsympathectomized subject mechanical irritation and faradic 
stimulation (3 volts) at the uieteial oiifice and 111 the distal 6 cm of the 
ureter caused pain over and slightly above the symphysis pubis Rapid 
injection of 10 to 20 cc of saline into the ureter (and kidney pelvis) thiough 
a #8 French ureteral catheter was very painful, the pain occurring in a broad 
area in the low'er half of the abdomen and flank on the side stimulated After 
unilateial sympathectomy the normal responses were abolished on the 
denervated side, there were no contralateral changes 

Two hjpertensive patients undei going sympathectomy wnthout general 
anesthesia were suitably intelligent and cooperative to permit tests on the 
exposed kidney and uppei half of the meter Regional procain block was 
used in the operative exposure of these stiuctures and care was taken not 
to piocainize any of the intercostal or sympathetic nerves Faradic stimula- 
tion (up to 5 volts) of the renal capsule and pressure on the kidney at 
points not boideimg on the renal pelvis w^ere not painful However pain oc- 
curred in a localized area at about the outer tip of the 12th nb on the same side 
when the lenal pelvis, the pedicle, or the uretei near the uretero -pelvic 
juncture w'ere stretched or compressed The same type and location of pain 
followed faradic stimulation of these structures, including the isolated 
renal artery and vein Traction and faradic stimulation of the ureter at 
points distal to the first several centimeters caused pain in the inguinal 
region on the same side Division of the greater and lesser splanchnic 
nerves at the celiac ganglion and resection of the thoracic ganglionated chain 
fiom Thy to IT, inclusive resulted in elimination of pain responses when 
the tests on the renal pelvis and pedicle w^ere repeated The pain caused 
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by stimulation of the ureter was not eliminated until Thi2 and Li ganglia 
were excised, thus extending the resection of the sympathetic chain to a 
point below the first lumbar ganglion 

TESTS OF PAIN AND THERMAIi SENSITIVITY OF THE URINARY BLADDER 

Observations on bladder sensation in several unsympathectomized patients 
weie made in order to establish the adequacy of the tests and confirm 



BEFORE SYMPATHECTOMY 


AFTER SYMPATHECTOM'' 


Fig 4 

Fig 4 — Stimulation kidney, ureter and renal vessels and areas 
where pain is felt 

previous studies on normal bladder sensation Faradic stimulation to the 
tiigone (i \olt) and to the dome (2-3 volts) caused pain in the suprapubic 
legion and over distention of the entire bladder caused similar pain Installa- 
tion in the bladder of water at 110° F was detected as warmth in the 
region of the pubis while water at 65° F or lower was perceived as cold 
m the same region After right or left unilateral and bilateral sympathectomy, 
there was no appreciable change m these observations The cystometnc 
curve and bladder capacity were not altered from the normal after bilateral 
sympathectomy 

Additional light was thrown on the source of sensory supply to the 
bladder by studies on 2 patients who had had all sacral nerve roots (motor 
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and sensory) cut for relief of intractable pain due to malignant chordoma 
invading the sacrum The bladder sensations resulting from faradic and 
thermal stimuli appeared normal both before and after the rhizotomies 
There was urinary incontinence preoperatively and m both patients before and 
after rhizotomy thei e was a sense of suprapubic fullness after filling the bladder 
with 200 cc of water and of pain after 300 cc or more In these patients 
bilateral lumbar sympathetic blocks were performed by injecting procain 
paravertebrally and a repetition of the tests showed that all sensation in 
the bladder was eliminated except a vague feeling of distress when the 
bladder was distended by 500 cc or more of fluid 

Since, in the two patients subjected to complete sacial rhizotomy, the 
visceral afferents of the bladder accompanying the parasympathetic nerves ( S2, 
3, 4) and the somatic sensory fibers to the pudendal nerves (S3 and 4) were 
all divided, no distinction between the role of these two groups of nerves was 
made However, when the pudendal nerves weie blocked in the perineum by 
procamization in patients previously subjected to bilateral sympathectomy 
normal bladder responses to the standard stimuli still existed In these patients 
it was assumed that the only fibers remaining to transmit sensory impulses 
were the visceral afferents (S2, 3, 4) accompanying the parasympathetics 

mSCTJSSION 

In determining any aspect of human visceral pain man has distinct advan- 
tages as an experimental animal The opportunity for the present study was 
ideally provided by a selected group from several hundred hypertensive 
patients subjected to sympathectomy for their disease Since the extent of 
the operation was believed to interrupt all or the majority of sensory nerves 
thought to contribute to abdominal visceral sensation, it was not unexpected to 
find that bilateral sympathectomy from Thy to L3 eliminated all pain sense 
from the abdominal viscera (exclusive of the pelvic viscera) The study pro- 
vides comparatively little information concerning the segmental innervation of 
the viscera but once the basic fact is established that visceral analgesia can be 
produced the refinements can follow There is much to suggest, for example, 
that the greater splanchnic nerve plays a major role m the sensory pathway 
since histologically it contains a large percentage of afferent fibers and any 
minimal stimulation of the nerve (traction, crushing, faradism) m the unanes- 
thetized patient causes severe and diffuse pain Yet the study shows further 
that additional sympathectomy is necessary to denervate the ureter 

The balloon distention studies of the stomach and intestine in the normal 
are comparable in their results to those set down in Jones’^® admirable mono- 
graph Our postoperative balloon studies show that unilateral sympathectomy 
affects sensation of only the homolateral side of the colon while both sides 
appear to innervate the stomach and small intestine There is a slight discrep- 
ancy between the findings m the small bowel after unilateral sympathectomy 
and those reported by Bentley and SmithwicF^ The latter reported the 
elicited pain to be on the side of the midhne away from the side of the 
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sympathectomy This discrepancy is not so impoitant, howevei, since the 
direct stimulation of the small bowel through the open abdomen after unilateral 
sympathectomy showed some tendency to this contra-laterahzation of the pain 
Since the digestive tract is embryologically a midline structure it is not 
surprising that most of it appears to possess a bilateral sensory supply It is 
moie remarkable that the right and left paits of the colon appear to have lost 
their dual supply The unusual finding of the apparent laterality of innerva- 
tion of the lesser curvature of the stomach on mtra-abdominal inspection is 
reported just as it was found , it may require additional study 

The low er end of the colon, i e , the rectum, may have visceral sensory 
supply but like the oral end of the digestive tiact the chief sensory supply 
seems to be somatic White-’^ has commented on similar findings of preserva- 
tion of sensation m the lower colon following sympathectomy 

The intra-abdommal tests indicate convincingly that the pain sensitivity 
of the stomach and bow'el is related to the mesentery or the visceral mesenteric 
junction and not to the remainder of the bowel wall There has been conflict m 
the past on this point through the fact that Pacinian corpuscles exist almost 
wholly m the mesentery of the bowel had led many to doubt the existence of 
pain receptors except m the mesentery 

The line of demarcation anatomically between parietal and visceral peri- 
toneum is not always certain and it has m places been arbitrarily drawm 
The parietal peritoneum is usually presumed to be supplied by somatic 
afiferents and this must be the case if one speaks of the ventral peritoneum 
because after bilateral sympathectomy this area possessed all its normal 
sensitivity But the dorsal peritoneum overlying the head of the pancreas, for 
example, is also referred to anatomically as “parietal” m spite of the fact that 
It possesses Pacinian corpuscles-® and loses its pain sensitivity after bilateral 
sympathectomy 

The appreciation of temperature in the stomach has been investigated by 
Wolf and Wolflf^ Working wath a man who had possessed a gastric fistula 
for many years they found that watei in a lo cm bag in the stomach could be 
identified as hot and cold above or below 40° to 18° C , and beyond these 
extremes, variations of 3 degrees could be detected The subject described 
the sensation as an area the size of his fist deep m the epigastrium but wdien 
the balloon w'as placed near the lowei end of the esophagus a more intense 
sensation was elicited which w^as felt m the substei nal area Our observations 
tend to corroborate tbeirs and also to show' that temperature sense (always 
closely allied with pain sense) is eliminated from the stomach by mteriuption 
of the sympathetics 

Past studies on sensation of the extra-hepatic biliary tract-®' as 

well as the present ones, show agreement m the area of constant reference of 
pain in the epigastiium The occurrence of associated pain m the back in 
some subjects appears to be dependent on stimulation of the ducts, possibly' at 
the sphincter of Oddi The work of Davis, Pollock and Stone^^ shows that 
sensation in the gallbladder of dogs is supplied exclusively by the visceral 
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afferent nerves accompanying the s}'Tnpathetics and more particularly the right 
splanchnic Our studies in man show that the extra-hepatic ducts possess a 
bilateral sensory innervation although there were no observations on the results 
of distention of gallbladder after either right or left unilateral sympathectomy 
Even though this item of information is lacking, it is fair to assume that m man 
the gallbladdei too has a bilateral innervation and this assumes practical impor- 
tance if nerve sections are to be put to use in the relief of pain 

The head of the pancreas has also been found in our studies to have a 
bilateral inners^ation The importance of this finding was exemplified m a 
patient vho had intractable pain from chronic calcareous pancreatitis of several 
years’ standing Her initial pain was m the mid-epigastnum and back After 
light-sided resection of the splanchnics and ganglionated chain from the 
seventh thoracic to the third lumbar the former pain disappeared but pain of 
less degree now existed m the left hypochondnum This left-sided pain was 
enhanced or duplicated by extra-abdominal pressure over any part of the 
palpable pancreas and m addition discretely localized stimulation (pressure 
and faradism) of the head of the pancreas after right sympathectomy caused 
left-sided pain Following' a left-sided sympathectomy all spontaneous pain 
ceased and no tenderness could be elicited on pressure over the previously 
tender gland (postoperative follow-up, 9 months) 

The unilaterality of the sensory supply of the kidney and ureter from the 
evidence of these studies is definite and there is the additional suggestion that 
nerves other than the splanchnic play a role in sensory transmission at least 
for the ureter 

The investigations of Learmonth-^ led to his formulation of the triple 
sensory supply to the urinary bladder Visceral afferents of the sympathetic 
system traverse the hypogastric nerves and plexus and the lumbar ganglionated 
chains Visceral afferents of the parasympathetic system traverse the pelvic 
nerves -which have their origins from the 2nd, 3rd and 4th sacral nerves The 
somatic afferents traverse the pudendal nerves which originate from the 3rd 
and 4th sacral nerves Our observations indicate that the interruption of any 
of the foIIo-v\nng nerve supply will not eliminate bladder sensation bilateral 
lumbar sympathetics , parasympathetics, and pudendals (by section of all sacral 
nerve roots) , bilateral lumbar sympathetics and both pudendal nerves But 
interruption of all these will result in an insensitive bladder 

While the incentive to carry out these investigations was motivated 
primarily by a desire to learn something more about visceral sensation, some 
concern existed regarding the possible undesirable effects of the sympa- 
thectomies now being perfoimed on so many patients with hypertensive 
cardiovascular disease There is little doubt that after a bilateral thoracolumbar 
sympathectomy the visceral pain component of many abdominal diseases will 
be absent but in the most important ones (those, for example, that cause the 
acute suigical abdomen) there should always be other symptoms and signs 
In two of our patients who had had bilateral thoracolumbar sympathectomy 
peptic ulcers perforated without there being any previous pam of the ulcer 
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but the patients vomited and showed all the signs of acute peritonitis which 
led to early diagnosis and successful operation So far none of the several 
hundred sympathectomized patients of our series is known to have developed 
acute appendicitis, cholecystitis, or any other abdominal surgical disease 
However, it is now our practice to perform cholecystography on most patients 
who are to undergo sympathectomy for hypertension, if gallstones are dis- 
covered cholecystectomy is advised unless otherwise contraindicated 

CONCLUSIONS 

Studies of visceral sensation before and after sympathectomy in which 
the splanchnics and ganglionated chains are removed from Thy to L3 on one 
or both sides show the following 

1 Pam sense in the stomach, intestine (except the rectum), extrahepatic 
biliary tract, pancreas, kidney, and ureter is mediated wholly by visceral 
afferent nerves which accompany sympathetic nerves within the area of the 
operative excision 

2 The kidney and ureter and the two sides of the colon have a homo- 
lateral sensoiy supply, but the remaining organs, with the possible exception 
of the gastric mesentery, have a bilateral supply 

3 Pain sensitivity exists not in the walls of the stomach and intestine 
but in the proximal mesenteries and at the mesenteric-visceral juncture 

4 Adequate stimuli for pain include, distention of hollow viscera, trac- 
tion and faradic stimulation of stomach and intestinal mesenteries, manipu- 
lation, traction, faradic stimulation of the extrahepatic biliary tract, pancreas, 
kidney pedicle and ureter 

5 There is perception for extremes of temperature in the stomach, the 
afferent pathway accompanies the sympathetics 

6 The urinary bladder has a triple sensory supply via the visceral 
afferents of the sympathetic and sacral parasympathetic systems and the 
somatic pudendal nerves 

7 Interruption of appropriate sympathetic nerves may be employed for 
relief of intractable pain from some types of abdominal visceral disease 

8 The extensively sympathectomized patient due to the loss of visceral 
pain sense may undergo certain alterations in his response to visceral disease 
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Discussion —Dr Lester R Dragstedt, Chicago I should like to congratulate Drs 
Ray and Neill on this interesting and, I think, very important contribution Physiologists 
have felt for some time that the sense of hunger is due to contractions of the empty stomach 
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The sensation of hunger is apparently not abolished by complete section of the vagus 
nerves to the stomach I should like to ask the authors if they have made any observa- 
tions on the hunger sense in patients following extensive sympathectomy I am interested 
in the report that sympathectomy produces complete relief of ulcer distress This observa- 
tion corroborates the work of the earlier French surgeons We have observed a similar 
complete disappearance of the tvpical ulcer pain and distress following complete section 
of the vagus nerves to the stomach Following this operation, however, the typical 
distress can be reproduced again by introducing 200 cc of 5 per cent hydrochloric acid 
into the stomach I should be interested to know if the authois have performed such an 
acid test on patients with peptic ulcer who have undergone extensive sympathectoiii}’^ 

Dr Frederick L Reichert, San Francisco Dr Bronson Raj^ has talked about 
thoracolumbar sympathectomv I am not sure if I know what he is talking about, is he 
referring to splanchnicectomv and thoi acolumbar sympathectomy, or each alone ^ If he 
had done splanchicectomy and made these observations it would be important This should 
be made clear, otherwise things are mixed up I am glad to hear Dr Dragstedt say these 
patients had pain after vagotomy when hydrochloric acid was given 

Dr Wm Babclay Parsons, New York Last year in the discussion of Dr Whipple’s 
paper on radical pancreatectomy for pancreaticolithiasis. Dr Smithwick reported thorac- 
olumbar sympathectomy in one case I think the result reported by Dr Ray is most 
interesting, but I believe it emphasizes the very important decision which must be made 
as to the tvpe of therapy required in these cases We recently had a young man of 22 
with intractable pain and beginning morphine addiction due to pancreaticolithiasis in the 
head of the pancreas A radical operation removing the head of the pancreas was done 
He made an uneventful recovery from the operation He has gained 3 o pounds in 
weight and his condition is most satisfactory I would like to question whether he is 
not better off now, having had the head of his pancreas removed with the duodenum, 
than he would be w'ere he robbed of a considerable portion of his visceral sensation for the 
rest of his life 

Dr Loyal Davis, Chicago Drs Ray and Neill are to be congratulated on this 
very fine piece of physiologic work in visceral pain earned out upon the human They 
have corroborated the work which was first done experimentally in our surgical labora- 
tory and later extended in our studies upon visceral pain Experimentally, we could stop 
all evidences of pain in the cat, produced by distention of the common duct and gall- 
bladder, when the right splancnic nerve or the right thoracic sympathetic trunk were 
removed It was very clear to me w'hat Dr Ray stated that they did in their experiments 
and the portions of the sympathetic system removed m their patients 

Dr Bronson S Rat, New York (closing) It is our belief. Dr Diagstedt, that 
following bilateral thoracolumbar sympathectomy, or even total sympathectomy, patients 
still have hunger sensation I was also aware that the interruption of the vagi has no 
apparent effect on hunger and neither of them prevents nausea and vomiting It has been 
m> hope that w’e might have a suitable case for study in which both the sympathetic 
and \agus supplies to the stomach w'ere interrupted Until such a case is studied, it is 
impossible to draw' final conclusions With regard to the induction of gastric pain by the 
administration of acid, we have not employed that test in our sympathectomized patients 
but shall do so 

In answer to Dr Reichert’s criticism, I would repeat that this studj' of visceral sensa- 
tion w'as made on a group of patients wdio had had unilateral or bilateral thoracolumbar 
sj mpathectomj for treatment of hypertension In each case the ganglionated chain was 
remored from the seventh thoracic to the third lumbar, and the greater splanchnic nerve 
W'as resected betw'een the celiac ganglion and a point above the contribution of the 
soenth ramus. 
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THE ROLE OF PINEALOMAS IN THE CAUSATION 
OF DIABETES INSIPIDUS* 

Gilbert Horrax, M D 

Bostox, Massachusetts 

FROM THE DEPARTMENT OF NEUROSURGERY, THE LAHET CLINIC, AND THE 
NEW ENGLAND BAPTIST AND NEW ENGLAND DEACONESS HOSPITALS 

Since the original investigations on the antidiuretic effect of the 
secretion of the posterior lobe of the hypophysis by von den Velden^ (1913), 
and the causation of polyuria follow mg lesions of the hypothalamus by Camus 
and Roussy- (1913), the occur lence of diabetes insipidus m some patients 
w ith pituitary tumors or other lesions in the immediate suprasellar or chiasmal 
region was easil}’’ understood On the other hand, the occasional report of 
marked pol}dipsia and polyuria m patients wuth tumors arising from the 
pineal body and apparently confined to this area which is so far removed 
from the supposed source of diabetes insipidus, was until recent years, incap- 
able of explanation In some reports of pineal tumors m patients having a 
high water intake and output a second tumor in the pituitary region was 
presumably the cause of the w'ater imbalance (Horrax and Bailey,"* 1925), 
but in other observations wdiere no second lesion w^as found the diabetes 
insipidus was thought to be due to indirect piessure on the hypothalamus 
from internal h}diocephalus (Martin,^ 1923) 

As to the actual intracranial aiea responsible for polydipsia and polyuria, 
there were until ver} recently three theories, namely, that it was caused by 
a lesion of the posterior lobe of the pituitary gland, by injury to the hypo- 
thalamus, especially the tuber cinerea, or by interruption of a tract of 
demonstrated nerve fibers running from the hypothalamus through the 
pituitar)^ stalk to the posterior lobe of the gland, the so-called supra-optico- 
hypophyseal tract Futcher^ summarized the situation m 1931 as follows 
“The tentative conception is that the nucleus supra-opticus is the centre that 
presides over the normal regulation of w'ater balance The fact that this 
centre is connected by a definite bundle of fibres wnth the posterior lobe, 
the extract of which has such a potent effect m relieving the polyuria of 
many cases of diabetes insipidus, seems to be of the greatest significance 
the existence of this tractus supraoptico-hypophyseus renders it probable 
that diabetes insipidus may result from lesions anywhere along its course as 
suggested by Zadek ” 

This theory was confirmed some ten yeais later wdien, according to 
Jones,® the work of Fisher, Ingram, Ranson and their associates from 1935 
to 1941 reconciled the previously opposing views Jones states “It has 
been shown that there exists a hypothalamicohypophyseal system, with an 
included supraopticohypophyseal tract, which operates as a functional unit, and 

Read before the Meeting of the A.merican Surgical Association, Alarch r.s.-on 1Q47 
Hot Springs. Va “ ' ^ ’ 
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that injury to any part of this system causes diabetes insipidus Since 

secretion of the antidiuretic principle by the pars nervosa (of the pituitary) 
is dependent on innervation through this tract, the supraopticohypophyseal 
tract IS a functional unit, and injury anywhere along this tract may result 
in diabetes insipidus ” 

It was not until the publication of the important case report by Stringer'^ 
in 1934 that the role of pinealomas in the causation of polydipsia and polyuria 
was correctly explained This authoi studied a patient coming to autopsy, 
and found in addition to a small pinealoma replacing the pineal body, a 
solitary implant confined to the tuber cinereum of the hj'pothalamus (Fig i) 



Fig I — Pineal tumor implant in hypothalamus (just posterior to optic chiasm, C) 
(From Stringer, S W , Yale J Biol and Med ) 


Martin and Davis® (1941) studied eighteen cases of pineal tumor in 
the Cushing Tumor Registry and stated that diabetes insipidus was present 
m 8 of these patients They found implantations or "seedings” of the pineal 
tumors m many cases involving the pituitary body, the walls and floor of 
the third ventricle and the periaqueductal gray matter, but from such 
widespread implantations no support could be given to any theory as to a 
localized area responsible for the disturbance in water balance 

In the article already mentioned by Horrax and Bailey® there were twelve 
histologicalty verified cases of pinealoma from Cushings’ clinic Three of 
these patients showed well-marked diabetes insipidus, but m two of them 
a second tumor of totally different microscopic type involving the hypothalamic 
region was unquestionably the source of the fluid imbalance In the third 
case, only a tumor in the pineal region was assumed at the time to be 
present (Fig 2), but it is quite likely that if sections from the floor of the 
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third ventricle or of the pituitary stalk had been studied microscopically, 
invasion of these areas b}^ pmealoma cells might have been disclosed as in 
Case I of the patients recorded here 

The diagnosis of pmealoma or a tumor arising from the pineal body has been 
made m 17 instances in the writer’s brain tumor series during the past 14 years 



Fig 2 — Pineal tumor with associated diabetes insipidus without gross 
involvement of hypothalamic region (From Horrax and Bailey, Arch 
Neurol and Psychiat , 1925 ) 


In 12 of the patients the tumor was verified histologically either at operation 
or at autopsy In the other five patients histologic verification has not as yet 
been possible, but m these cases localizing neurological signs combined with 
the visible ventnculographic evidence of a tumor projecting into the posterior 
portion of the third ventricle from the pineal region has certified the diagnosis 
beyond any reasonable doubt 

Of the total 17 patients five have shown well-marked diabetes insipidus 
Two of these patients have been in the group with histologically verified 
tumors, the lesion m the other three having been demonstrated by ventriculog- 
raphy In one patient with histologic verification at autopsy the tumor from 
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the pineal region was shown to have extended through the floor of the third 
ventricle to involve the hypothalamus and pituitary bod}^ thus explaining the 
presence of the polyuria The other patient whose lesion was verified micio- 
scopically, had a so-called “ectopic” pinealoma in the area above the sella 
turcica without clinical or other evidence of a growth in the pineal region The 



Fig 3 — Ventriculogram of Case i, showing dilated lateral ventricles, 
large calcification in pineal region and curved shadow of tumor just anterior 
to calcification bulging into third ventricle 


diabetes insipidus in this patient was, of course, easily explainable, as in other 
tumors situated in the neighborhood of the pituitary stalk and contiguous 
structures The tumor was removed at operation and the patient’s polyuria 
has been greatly benefited 

The three patients whose tumors were demonstrated by venti iculography 
have all had roentgen therapy directed at the pineal region In one of these 
patients there has been a significant reduction of the fluid intake and output, 
and excellent control of the residual situation can be maintained by the use of 
extremely small amounts of pitressin powder snuffed up the nose This 
improvement may be due to the fact that the area covered by the roentgen 
treatment included a portion of the anterior third ventricle and h3fpothalamic 
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region The other t\\ o patients still show a rather marked polyuria but both 
have accustomed themselves to their difficulty One of them has received 
further courses of roentgen therapy directed both toward his pineal and supra- 
sellar areas with no appreciable change in his intake and output 

REPORT OF cases'’' 

Case 1 —Partly calcified fimcaloma m a clM 12 years of age Diabetes insipidus 
Death follozvmg cvploiatwn of pineal region Extension of tumor thiough floor of third 
ventricle into h^pohliysis 

This child, P P , was referred by Dr Han ej Cushing and was admitted to the 
New England Deaconess Hospital on July 7, 1936 During the year previous to this the 
patient had been drinking large quantities of water and voiding similar large amounts of 



Fig 4 — Median sagittal section of brain m Case i Pineal tumor between posterior 
end of corpus callosum and corpora quadngemina protruding into third ventricle (This 
and Figs 5 and 7 to appear also in J Neurosurg ) 

urine The 24-hour amounts measured at the New Haven Hospital ranged from 3,350 
to 4,625 cc intake and 4,100 to 4,350 cc output The specific gravity of urine was i 008 
One month prior to his admission to the Deaconess Hospital the child had developed symp- 
toms of increased intracranial T^ressure Neurological examination was negative A ven- 
tnculogram on July 8, 1936, disclosed dilated ventricles, a large pineal calcification and 

* The records of four of the cases reported here have been utilized previously from 
other standpoints An article incorporating Cases i and 2 has been accepted for pub- 
lication by the Journal of Neurosurgery Cases 3 and 4 were published as Cases 3 and 4 
of the following article Horrax, Gilbert and Daniels, J T The conservative treatment 
of pineal tumors Surg Clin N Amer , 22 649-659, 1942 
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the projection of a tumor mass into the posterior portion of the third ventricle (Fig 3) 
A transventricular operation on the same day was undertaken to try to remo\ e the growth 
but this was unsuccessful and the patient died three days later 

Patholoqic Siiidia These veie made b% Dr Louise Eisenhardt, of the Cushing 
Tumoi Registiy, New Haven, to whom I am gicatly indebted not only in this instance 
but also m Case 2 

A median sagittal section of the foimalm lived biain shoived the gross relationships 
of the tumor m the pineal region (Fig 4) This was microscopically a typical pinealoma 

(Fig 5) 



Fig S — Photomicrograph of pinealoma surrounding calcification (lower part of figure) 

m Case 1 (X 150) 


Because the patient was known to have had diabetes insipidus, Doctor Eisenhardt 
made sections of the floor of the third ventricle and of the hypophysis, and both were 
shown to be invaded by pinealoma cells, the iinasion in the pituitary being confined to 
the posterior lobe (Fig 6) 

$ 

Disaission Although the lesion causing pol}uria in this patient was not 
quite as discrete as in Stiinger’s case wdieie the pinealoma implant was con- 
fined to the tuber cinerea, neveitheless the invasion of the hypothalamic- 
hypophyseal tract W'as extiemely localized and theiefore highly significant as 
supporting clinically the experimental wmrk lefened to pieviously in the 
quotation from Jones 

Case 2 — "Ectopic” pmcaloma m the supiascllar legion vi a child of 12 Diabetes 
insipidus Operative icmoval of tumoi followed by loentgcn theiapy Evccllent clinical 
result zvitli mat bed inipt ovcnicnt in polyutia 

The patient, S F , W'as referred bv Dr H Magendantz, of Boston, and admitted to 
the New England Deaconess Hospital on February 2, 1942 He had developed an 
eveessne thirst and urinarj output about two months prior to admission necessitating his 
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getting up three or four times at night to void His 24-hour uiinary output in the 
hospital was 3,140 cc , the specific giavitj’’ of the urine varied from i 003 to i 012 

Aside from geneial physical underdevelopment there w'ere no significant neurologic 
findings, but roentgenograms of the skull showed a distinctly enlarged sella turcica with 
depression of the floor into the sphenoid sinus 

It w’as assumed that the child had a craniopharyngioma and on February 3, 1942, a 
right frontal craniotomy disclosed a solid tumor situated betw'een the optic nerves A very 
complete extirpation of the tumor was accomplished, and the child made an uneventful 
convalescence 



Fig 6 — Pmealoma (at right) invading posterior lobe of pituitary (center) normal 

anterior lobe at left Case i (X 150) 


Because the original pathologic report on the tumor had indicated that it was prob- 
abl> a malignant growth of testicular origin the patient received postoperatively 12,000 r 
units of roentgen therap}" through several ports directed toward the suprasellar region 
No evidence of a tumor m the genito-urmary system was disclosed clinically 

Sections of the tumor were subsequently sent to Doctor Eisenhardt and she established 
the diagnosis of ectopic pmealoma (Fig 7) 

Subsequent Couise This patient is alive and w^ell, attending school regularly, five 
years and two months since his operation He now' drinks about 12 glasses of water a 
day compared to 17 to 20 glasses a day preoperatively He voids only once at night com- 
pared to three or four times before operation 

Discussion The occurrence of diabetes insipidus in this case occasioned 
no surprise since the only evident clinical lesion w'as 111 the suprasellar region 
The microscopic diagnosis of a pmealoma was, however, most unexpected 
Whether the tumor is an isolated ectopic growth or whether it had its origin 
from a tumor in the pineal region which has never manifested itself clinically 
IS obviously as yet undeterminable It is likewise open to question W'hether 
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the operative removal of the tumor or whether the heavy course of roentgen 
therapy played the major role m the patient’s recovery and in the subsidence 
of his diabetes insipidus 

Case 3 — Ptneal tuinoi demolish ated by ventriculogram m a young man of 20 
Diabetes insipidus Roentgen therapy Subjective improvement 

B N was referred by Dr Alexander Marble, of Boston, and was admitted to the 
New England Deaconess Hospital on May 28, 1939 He had been drinking excessive 
quantities of water and voiding similar amounts of urine for eight or nine months He had 
likewise had severe headaches and “fainting” spells for a similar period 



Fig 7 — Typical pinealoma with large, pineal parenchyma cells and small lymphoid cells 

Case 2 (X 400) 


His measured 24-hour fluid intake in the hospital varied from 4,600 cc to 6,450 cc 
and his output from 3,700 cc to 7,800 cc The specific gravity of the urine varied from 
I 003 to I 014 

Neurologic examination disclosed limitation of conjugate movement of the eyeballs 
above the horizontal plane, his pupils were unequal, the right being larger than the left, 
and neither pupil reacted to light although they did react to accommodation His fundi 
showed slight edema of the optic disks 

By the use of pituitary powder m the nose his fluid intake could be reduced tempo- 
rarily to between 1,380 and 1,440 cc and his output to between 1,590 and 2,100 cc 

On June 26, 1939, a ventriculogram was made because of his intracranial symptoms 
and showed dilated lateral ventricles with a rounded mass protruding into the posterior 
portion of the third ventricle (Fig 8) 

In view of the patient’s relatively normal fundi no decompression was performed in 
this case, and between July 5 and August 3, 1939, he received ten roentgen treatments for 
a total of 1750 r units delivered through two ports After the first treatment he became 

* These are the usual neurologic findings in patients having pineal tumors 
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viokntb ill with nausea and vomiting so that the treatments had to be suspended tem- 
porarily They were then resumed and by July 6 he showed distinct improvement in head- 
aches On July 22 the conjugate movement of his eyeballs upward was nearly normal 
He was discharged on July 23, 1939 

Discussion This patient has been seen at intervals since he left the hospital 
and his general health had remained excellent when last seen August 16, 1946, 
seven years after his roentgen therapy From the time of his discharge his 



Fig 8 — Ventriculogram of Case 3 Arrows point to rounded projection 
of presumed pineal tumor m posterior portion of third ventricle Lateral 
ventricles somewhat dilated (From Horrax and Daniels, Surg Clin N A , 
1942) 


diabetes insipidus could be controlled with a smaller amount of pitrc^sin or 
pituitary powder than before his roentgen treatments He has, however, for 
the most part discontinued the use of these products and has accommodated 
himself to the excessive intake and output At his last report in 1946 he 
stated that he was drinking and voiding about 10 quarts of fluid per day 
whereas four years previously he stated that these amounts were about 16 
quarts 

Case 4 — Pmeal tumor demonstrated by ventriculogram m a male of 24 Diabetes 
insipidus Decompression and roentgen therapy Marked improvement 

C B was referred by Dr H N Kelly of Worcester, Massachusetts and was admit- 
ted to the New England Baptist Hospital on December ii, 1940 He complained of 
inordinate thirst and excessive urination over a period of seven weeks He also had 
blurred vision and severe headaches The patient stated that his fluid intake and output 
varied from 12 to 16 quarts per 24 hours This could be reduced considerably by the 
use of pituitrin powder snuffed up the nose The specific gravity of his urine varied 
from I 003 to I 005 
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Neurologic examination showed early papilledema, pupils which reacted poorly to 
light, and impaired conjugate movement of the eyeballs above the horizontal plane 

On December 13, 1940, a ventriculogram disclosed dilated lateral ventricles with a 
rounded shadow bulging into the posterior portion of the third ventricle from the pineal 
region (Fig 9) A right subtemporal decompression was carried out the same day 

Between December 26, 1940, and January 6, 1941, when he was discharged, the 
patient received nine roentgen treatments directed at the pineal region, through three 
portals for a total of 2,700 r units He was considerably improved and relieved of all 
pressure symptoms on leaving the hospital 



Fig 9 — Ventriculogram of Case 4 Arrows indicate curved outline of 
presumed pineal tumor projecting into posterior portion of third v^entncle 
Lateral ventricles dilated (From Horrax and Daniels as in Fig 8 ) 


Discussion This patient has reported by letter and in person on many 
occasions since his opeiation and roentgen therapy His general health has 
remained excellent 

His fluid intake and output has stabilized at six to eight quarts for the 24 
hours In his own words, “To maintain this degree of water balance requires 
the smallest possible amount of powdered posterior pituitary that can be 
placed on the small end of a toothpick Between two to three hour mterv'als 
for these doses remains about constant ” This letter w^as dated March 10, 1947 
The patient reported m person on March iS, 1947 He w^as in excellent 
condition with an entiiely negativ'e neurologic examination 

In respect to his diabetes insipidus he volunteered that he felt sure his 
excessive fluid intake had become somewhat of a habit with him since when 
water was not easifo accessible the amount of his intake and output was cut 
down one third to one half for da3"s at a time There is no doubt, therefore, 
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that he has had gieat lehef fiom this condition as a lesnlt of his roentgen 
thei apy 

Case 5 —Ptucaloma dcwonshaUd by vcnUiculogiam tn a male of 31 Development 
of diabetes iiistpidus nine ycais aftci dccompi csswn and locnfgcn fitetapy 

R M was admitted to the Peter Bent Brigham Hospital on Octobei 24, 1932, com- 
plaining of headaches, vomiting and blurring of vision of six weeks’ duration Neuro- 
logical examination showed bilateral choked disks of 3 to 4 diopteis His pupils were 
unequal and leacted sluggishh' to light and accommodation 



Fig 10 — Ventriculogram of Case 5 Large tumor shadow 
(arrows) presumed pinealoma, bulging into posterior portion of 
third ventricle Lateral ventricles dilated (Kindness of Dr M 
C Sosman ) 


A ventnculogi am October 26, 1932, showed marked dilatation of the lateral ven- 
tricles with a convex pi ejection into the posterior portion of the third ventricle from the 
pineal region (Fig 10) On October 28, 1932, a right craniotomy wuth decompression 
was carried out hv tlie writer, the idea at that time being to allow the ventricle to 
expand still furthei m order subsequently to do a transventriculai appioach to tlic pineal 
tumor This fortunately has never been necessarj' 

Following his operation the patient was given five series of roentgen treatments from 
November 1932 to March 1934 by Dr M Sosman, who has kindly supplied the dosage 
and has allowed me to obtain a print of the ventriculogram Each senes consisted of four 
treatments of 750 r units to either side of the head, directed toward the pineal region, 
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a total of 1,500 r units per senes The patient was discharged November 14, 1932, with 
all symptoms relieved 

He remained well for nine years until December 1941 when he developed a severe 
diabetes insipidus which was helped to some extent by injections of pitressin in oil 
Between January 7, 1942 and March 17, 1942 he was given further roentgen therapy, 
1,000 r units were delivered to the suprasellar region and the same amount to the pineal 
area However, his intake and output has averaged 3,500 cc each per 24 hours and it is 
necessary for him to attach a urinal at night The specific gravity of the urine varied 
from I 002 to I 010 

He reported in person on March 24, 1944 His fundi were normal except for slight 
secondary atrophy, his pupils were equal and reacted well to accommodation and fairly 
well to light His ocular movements were normal and his decompression was flat He 
reported again on June 15, 1944 after a trial of pitressin powder snuffed up the nose 
but this had not influenced his polvuria He was then given a second series of roentgen 
treatments, 600 r units being delivered to three ports for a total dosage of 1,800 r, directed 
tovv'ard the suprasellar region 

A letter from the patient on March 10, 1947 states that his measured intake and 
output per 24 hours is still approximately 3,500 cc for each 


Dtscussion Aside from the long- useful survival (14 years) following 
decompression and roentgen therapy for a patient with neurologic and ven- 
triculographic evidence of pineal tumor, the development of diabetes insipidus 
nine years after his original intracranial pressure symptoms is interesting He 
like the others in whom the water intake and output is troublesome, is never- 
theless at his usual work and has accommodated himself to the handicap 
very well 

SUMMARY 

Diabetes insipidus has been present in two patients with histologically 
verified pineal tumors and in three othei patients in whom such a tumor has 
been demonstrated beyond reasonable doubt by neurologic and ventriculo- 
graphic evidence In one patient (Case i) the tumor cells were shown 
microscopically to have invaded the hypothalamus and posterior lobe of the 
pituitary body, thus involving the tract of nerve fibers interruption of which 
has been shown to be responsible for diabetes insipidus In Case 2, the 
growth was an ectopic pinealoma in the suprasellar region obviously compress- 
ing the area in question and when this tumor was removed operatively the 
polyuria -vvas greatly lessened 

In the three patients whose tumors have been depicted by air studies a 
similar invasion of this tract, as in Case i, seems probable These three 
patients have received roentgen treatment m two of whom the rays were 
directed not onty at the pineal region but also to the suprasellar area which 
included the hypothalamic region as well Their general condition has 1 emained 
excellent for six and one-half to 14 years following roentgen therapy The 
diabetes insipidus has been considerably relieved m one and probably in two 
of these patients It is possible that the water imbalance may persist because 
partial interruption of the nerve tract from hypothalamus to pituitary is 
permanent even though the tumor cells originally causing tins interruption 
have been destroyed by the roentgen ra3'S 
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Discussion — Dr Peter Heinbeckek, St Louis The interrelationships of the 
hypothalamus and the hypophysis are so complex that it is not possible always to interpret 
them from clinical material We must have recourse to the experimental laboratory for 
knowledge necessary to understand the mechanism of diabetes insipidus associated with 
tumors in the region of the pineal and in the region of the hypothalamus itself Experi- 
mental work to determine the essential lesion in diabetes insipidus has been in progress 
in our laboratory for years As a result of these studies, the following conclusions 
are permissible 

1 Experimental diabetes insipidus in dogs follows destruction or denervation of the 
entire neurohypophysis, all the cells of paired supraoptic neuclei and the rostral half to 
one-third of the paired paraventricular nuclei innervate the neurohypophysis 

2 The presence of pars distalis is not essential to a marked diabetes insipidus lasting 
many months, but is essential to its permanent maximum maintenance through trophic 
effects on thyroid and adrenal cortex 

3 Moderate diabetes insipidus may exist in the presence of the pars distalis when the 
residuum of functional neurohypophysis is sufficient to prevent any increase in urine 
output in the absence of the pars distalis 

4 When sufficient exogenous thyroid and desoxycorticosterone are administered 
simultaneously to produce a marked increase in urine output of the totally hypophysec- 
tomized diabetes insipidus dog, the additional administration of anterior lobe extract 
decreases the urine output 

5 Thyroidectomy immediately terminates the transitory polyuria of simple hypo- 
physectomy It will not eliminate but may depress somewhat the polyuria of the totally 
hypophysectomized dog (complete absence of all divisions of the hypophysis) 

It has been shown that in the dog the denervation of the neural hypophysis results 
in a loss of basophil cells in the glandular hypophysis leaving only eosinophil and 
chromophobe cells A lesion m the posterior hypothlamus so placed as to sever fibers 
rostral to the paired paraventricular nucleus, from the thalamus and subthalamus, 
results m a considerable decrease in number of hypophyseal basophil cells and in the 
density of granulation of those remaining In such dogs obesity develops, but not diabetes 
insipidus 

The eosinophil cells have been shown by us to be trophic to the adrenal glands to 
the corpus luteum, to the androgenic cells and to the renal tubule cells Their overaction 
can account for many of the signs and symptoms associated with Cushing’s syndrome 
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and with lesions in the region of the pineal gland Evidence for an endocrine function of 
the paneal has not been established 

As a result of these obser\ ations, we can account for the obesiU associated with pineal- 
omata as being due to the exaggerated action of the eosinophil cell and adrenal cortical 
hormones We can account for excess growth and sex changes because the eosinophils 
secrete the growth and the androgenic hormones 

Dr B\ron STOOKr\, New York Dr Hon ax is to be congratulated on presenting 
an interesting clinical problem He calls attention to the fact that pinealomas may extend 
into the third ventricle and forward so as to involve the hjpothalamic region, where they 
can produce diabetes insipidus These tumors are occasionally extremely soft and may 
extend even into the fourth ventricle and forward to surround the optic chiasm, as W'as 
illustrated by a patient w'hom I had operated upon some five years ago, the patient doing 
w'ell until recently w'hen he bega i to show signs of bitemporal hemianopsia This clinical 
sign w'as difficult to explain on the basis of a posteriorly placed pineal neoplasm At 
autopsy It was found that the tumor had extended forward so as to implicate the optic 
chiasm I remember a similar patient of Dr Tilnej’s m wdiich the tumor had extended 
not only forw'ard along the base hut also posteriorly into the posterior fossa The growth 
w'as soft and extensive m character Thus, these tumors may be discrete tumors and 
calcified or if thev take on more rapid giow'th, may by extension invade the anterior 
cranial fossa as well as the posterior cranial fossa 

Dr Horrax was too modest to refer to his earlier work, of which he was among the 
first to desciibe the ocular signs associated with pinealomas, which are almost diagnostic 
of them 

Dr John Martin, Chicago In 1939 I had the opportunity to review, with Dr Louise 
Eisenhart, the case histones of 18 patients with pineal tumor in the Cushing files Many 
of these are familiar to Dr Horrax ‘^mong these, eight patients had diabetes insipidus, 
but these eight patients had not been studied specifically for anv implantations of tumor 
in the hypophyseal region and, in some cases, destruction of the third ventricle was so 
great it would have been difficult to determine the exact cause of the diabetes At the 
same time we were running experiments in our laboratory on dogs, cats, rats and monkeys 
to determine the effect of the destruction of the pineal gland in immature animals De- 
struction of the pineal gland was carried out by means of the Horsley-Clark stereotaxic 
apparatus which gave a discrete lesion without damage to any of the surrounding struc- 
tures While we found evidence of change in our animals in both somatic and sexual 
development we did not have any instance of diabetes insipidus m ou** entire series 
Neither did we find any destruction of the neural pathways leading from the pineal 
gland and region thereof or any other changes in the third ventricle or brain stem We 
did note an increase m the eosinophilic cells m the male animals Dr Horrax’s studies 
are in keeping with the w'ork done earlier in our laboratory wffien the paraventricular 
nuclei were destroved by electrohdic lesions in cats, following wdiich the pancreas was 
totallv removed Such animals did not develop diabetes 

Dr Francis C Grant, Philadelphia Dr Horrax has outlined the situation with 
regard to the treatment of tumors in the pineal recess and the posterior part of the 
third ventricle in his usual thorough manner It is certain that many of the tumors in 
this area respond readilv and m a definitiv'e fashion to x-ray treatment It is mv experi- 
ence that thej" are very difficult to handle from an operative standpoint If these tumors 
can be attacked bj anv method short of diiect surgery, it is a great advantage insofar as 
the patient is concerned In the past ten jears we have had i 3 cases m which the tumor 
was located in the posterior part of the third ventricle In this group there have been 
seven deaths resulting directiv from operative intervention In three cases both an 
attempt at surgical removal and subsequent x-raj treatment w'ere ineffective and the 
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patient succumbed within a year Thiec cases have survived ten, seven, and six yeais 
In two cases, surviving foi ten and seven j'ears, operative removal was obviously incom- 
plete X-ray therapj' was instituted In these cases, partially calcified prior to attempted 
extirpation and x-ray theiapy, not only has the patient remained symptom-free but the 
calcification within the walls of the tumor has definitely increased In the third case, 
presenting a minimal calcification preoperatively, all the calcified area, at least, was 
removed during the surgical attack, although the operative note states that the extirpation 
of the tumor is probably incomplete In this case the patient has remained well and sub- 
sequent intensive x-ray treatment has pioduced no fuither calcification In each of these 
three surviving cases and in tlie three cases that were attacked surgically, but who did not 
survive the operative pioceduie and x-ray therapy for more than a year, a large 
decompression was al\^a^s afforded at the base of the bone flap A decompression in 
these cases is valuable, in our opinion, for two reasons Primarily, it helps cairy the 
patient through his early postoperative couise when edema is sure to follow the opera- 
tive trauma Secondly , it permits expansion of the ventricle locally so that, if a secondary 
attack on the tumor seems indicated, an enlarged ventiicle will be found and the approach 
to the tumor through the ventricle may be made with greatei case I have a very 
definite impression that, in these tumors in the pineal recess and the posterior part of 
the third ventricle, decompression, plus x-ray therapy, will in the long run, possibly, show 
more satisfactory results than a diiect attempt surgically to remove these deeply seated 
and inaccessible lesions 

Dr Howard C Nakrziger, San Francisco It has been our experience also that a 
considerable percentage of pineal tumors are responsive to x-ray therapy The imme- 
diate danger, as stated, is from reactionarv swelling of the tumor with complete obstruc- 
tion of the aqueduct, and the consequent dangers of intracianial pressure It seems, 
however, that the precautionaiy subtempoial decompression recommended by Di Horrax 
should not pass without comment It does not relieve the obstruction, and will not do 
more than provide a very temporary and probably inadequate relief for fluctuations in the 
amount of intraventricular fluid As a protection, it seems logical and I believe it is 
advisable to provide for ventricular punctuic or temporary continued drainage of the 
fluid extracraniall}' until the danger is past 

Dr Gilbert Horrax, Boston (closing) I want to thank all the discussors ver}' 
heartily In regard to Dr Ivlartin’s comment, I am familiar with the work he and Dr 
Davis did in connection with the Brain Tumor Registry I did not mention it, but it 
appears in the bibliography of the paper So far as Dr Giant’s discussion is concerned, I 
did not mean to imply that every tumor m the posterior poition of the third ventricle 
would respond to this treatment Some tumors, however, do respond, and we thought 
some less severe measure than exploration should be done to see if this would be so 

The question Dr Naffziger brings up is a very interesting one I realize that 
what he says is theoretically true You cannot expect permanent relief from sub- 
temporal decompression in lesions which block the aqueduct I can recall, however, in the 
old days before ventriculography was available, when we were dealing with unlocalized 
tumors, we would do a subtemporal decompression The patients would be improved 
sometimes, even though later it turned out to be a subtentorial tumor which blocked the 
aqueduct The two patients who had decompression and went through x-ray treatment 
did very well In the third, we did not do a decompi ession and he had a severe upset 
during the course of treatment, doubtless due to blocking of the aqueduct of Sylvus Just 
what decompression does we do not know, but apparently it lets fluid get through tem- 
porarily at least, so patients do not have upsets during treatment So far as the catlieter 
is concerned, that is left in for a matter of only 24 or 48 hours at most, attached to a 
sterile bag That is done in all our cases now, but it was not m during the time of 
x-ray treatment 
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Wilder Penfield, M D , F R C S , and Harry Steelman, M D 

MoNlRfXI., Cavada 

FROM THE DEPARTMENT OF NEUROLOG\ AND NEUROSURGERY MC GILL UNIVERSITY 
AND THE MONTREYL NEUROLOGICAL INSTITUTE 

Focal epileptic discharge can now be localized in all areas of the 
cerebral cortex Excision of partially damaged convolutions adjacent to 
meningocerebral scars or in areas or brain atrophy has proved to be effective 
treatment This is demonstrated in the senes of cases about to be reported 
Attention will be focused upon surgical technic and the elements in these 
cases that seem to promise success or failure 

A literature 

Attempts to stop epileptic seizures by making a hole m the skull doubtless 
began in the era of prehistoric trepanation Surgeons began to carry out 
craniotomies for this purpose in the early nineteenth century with no other 
therapeutic plan than to open and look Nevertheless, the published reports of 
this period are surprisingly optimistic f Once antisepsis and asepsis had 
opened the flood gates of surgery, theie appeared extravagant claims of 
“cures” of epilepsy by many types of operation, from craniotomy to sym- 
pathectomy and resection of the large bowel However, in the face of critical 
analysis, this optimistic phase passed and today, except for the removal of 
brain tumors, the role of surgery in the treatment of the epilepsies has become 
small indeed m most clinics 

Sir Victor Horsley was the pioneer in the application of physiologic prin- 
ciples to the problem, and it is interesting that his first three craniotomies 
(1886) were undertaken for the cure of focal epilepsy One patient had a 
meningocei ebral scar, one a tuberculoma, and the third a post-traumatic cyst 
Two years later. Keen (see Ballance, 1922) published three somewhat similar 
cases However, eventual surgical opinion of the results of such a procedure 
is well expressed by a Philadelphia surgeon, Nancrede After reporting 
success in 1888 and 1892 he wrote (1896) m a sadder and wiser vein that 
surgical excision could be considered no more than a palliative procedure 
because the surgeon left behind him a new scar in the place of the original 
lesion 

* Read before the Meeting of the American Surgical Association, March 25-27, 1947, 
Hot Springs, Va 

t For example, see Wells (1812), Dudley (1828), Baron Larrey (1829), Heyman 
(1831), Astley Cooper (1839) Billings (1861) collected 62 reports of which 42 were 
called “cures” > 
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Gerster and Sachs (1892), also Horne (1894), cast the same gloom upon 
this form of surgical therapy Hadra (1894) emphasized the desirability of 
reproducing the patient’s own seizure by electiical stimulation as well as the 
motor responses Woolsey (1896) used an osteoplastic bone flap in his excision 
of the lesion in six cases, but had only one “cure ” Kiause (1912) reported 
that he had carried out cortical excisions m 54 patients, of whom he con- 
sidered four cured, but his follow-up was quite inadequate He did state 
that the Kocher “valve” or decompression operation gave inadequate results 
in 34 cases 

Cushing (1908) reported 59 cases of epilepsy treated surgically, but he 
carried out “extirpation” in only 13 and included examples of brain tumor 
together with birth trauma and head trauma, so that it is not possible to 
estimate the elements responsible for the fact that 12 patients seem to have 
been made seizure free 

Excisions of localized areas of brain have been reported more recently in 
relatively small groups of cases by Little (1922), Foerster and Penfield 
(1930), Rowe and Watts (1936), Furlow (1938), German (1939), Voris 
(1943), with a varying incidence of “cures” and neai -cures 

Penfield and Erickson ( 1941 ) published a complete analysis of all patients 
who had cortical excision carried out during a ten year period, 1929- 1939 
There were 115 patients who were thus followed from one to ii years, with 
the result that 43 per cent weie seizure free or had had one or two attacks, 
26 per cent considered themselves 50 per cent improved, 9 per cent were 
slightly helped, and 22 per cent not improved 

B PATHOLOGIC NOTE 

A variety of lesions may give rise to cerebral seizures, but there is no 
reason to call the patients epileptics in the common understanding of the 
term nor to suggest taint of inheritance A brief reference may be made to the 
pathology of certain epileptogenic lesions * Brain lesions of many types are 
apt to produce some local destruction of nerve cells After such destruction, 
neuronal regeneration does not occur in the central nervous system But, 
unless all circulation to the part is destroyed, the neuroglia react in a positive 
way, producing gliosis Destructive processes are also associated with 
phagocytosis of myelin and other material The end result of these changes is 
gross atrophy of the involved convolutions 

Meningocerehral cicatux When trauma or infection has involved a local 
area of the brain, there results an intermingling of connective tissue and 
neuroglial tissue which eventually produces a contracting scar A connection 
IS thus established between the cerebral vessels and the extracerebral vascular 
tree through the scar Ganglion cells disappear at the center of the damaged 
area and at the periphery they are subjected to abnormal conditions 

* For further discussions see— Penfield (1927), Penfield and Humphreys (1940), 
Evans and McEachem (i937)> Penfield and Erickson (1941), chapter IX 
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Local coitical atiophy Compiession and ischemia are capable of pro- 
ducing atrophy within the convolutions of the biaiii without the entrance of 
connective tissue into the scai, but with the appearance of a local ghal over- 
growth and the disappeaiance of ganglion cells in the zone of greatest 
involvement 

Local imcioqyna At the time of biith it seems likely that the following 
sequence of events occurs One, or a group of, gyii may be injured and 
partly destioyed by ischemia or by local compression during the peiiod of the 
passage of the head thiough the bnth canal During the subsequent year of 
life, the noimal portions of the biain giow' very lapidh, each gjrus crowding 
outw'ard and pushing the skull before it The injured gyri do not glow, but 
are crow^ded in together The impoitant thing, how^evei, is that they do not 
disappeai The total numbei of ganglion cells is greatly i educed within them, 
and the remaining cells are subjected to abnoimal influences 

Expanding lesions Biain tuinoi or cerebral abscess as it expands destroys 
the ganglion cells and wdiite matter At the peiipheiy of such lesions is found 
a zone in which the ganglion cells of the giay matter aie able to survive but 
are subjected to abnoimal influences similar to those about other lesions, 
that IS, the blood supplj'^ to these ganglion cells is i educed to a critical level 

Cysts and otliei abnoi mahties maj' be the lesult of a congenital defect or of 
vascular occlusion Complete inteiruption of cii dilation in a region results in 
a cyst But at the periphery there may be found paitially normal ganglion 
cells in atrophic g) ri If, on the other hand, the intei ference wnth circulation 
IS only partial, only an area in which the gyri aie atrophic results without 
central cyst formation 

This brings us to a realization of the fact that all of these factors which 
may produce epileptic seizures have a common feature, which is illustrated 
in Figure i This feature is the presence of a zone or area of ganglion cells, 
the circulation of which has been inteifered wuth to such an extent that its 
continued life is threatened It is at some point in these peiipheral or par- 
tially destro>ed zones that the actual focus is to be found, the focus in wdiich 
the epileptic discharge originates Histologic study of such areas indicates 
that theie is a continuing variation in cii dilation wdnch lesults in occa- 
sional, spotty destruction of ganglion cells even yeais after the original injury 
or compression 

Thus, it ma)- be assumed that pai tial anoxemia, :f not sufficient to destroy, 
produces in ganglion cells an abnormal state, a supernormal state m which 
spontaneous neuronal activity is inci eased This increase maj be called the 
epileptogemc jactoi 

It seems obvious that no neuronal discharge can oiiginate in a cyst or 
tumor or scar that is devoid of nerve cells It also seems obvious that if 
surgical therapy is to be effective it is not sufficient to cut adhesions or to open 
a cyst, or m some cases to remove a tumor The epileptogenic focus in the 
marginal partly-involved gyri must also be removed, and, furthermore, it seems 
obvious that in this removal any gyrus that is involved should, wffiere feasible, 
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be excised wholly, leaving the neighboring gyms coveied with its own 
blanket of pial blood vessels 

C ANALYSIS OF RESULTS 

The patients included in this leview of the results of radical suigical 
therapy of atrophic epileptogenic lesions of the biain weie operated upon in 
the six year peiiod 1939-44 Because this was the wai peiiod, wdien urgent 
problems took prioi ity, maii}^ such patients w ere sent away wuthout opei ation 
The time of follow^-up vanes from one to seven 3^ears All opeiations were 
earned out, or supernsed by W P , the follow-up anal} sis w^as made by H S 

A total of 76 patients was opeiated on foi epilepsy Every one of the 
76 has been follow'ed up to the time of wiitmg Six of these had a second 
opei ation for fuither lemoAal of epileptogenic tissue, making a grand total 
of 82 operations There w^eie 50 males and 26 females Only one patient 
died as a result of the opei ation, his death being caused by an infected 
extradural hematoma and meningitis The case moitahty w^as thus i 3 pei 
cent, and the operative mortality was 12 per cent Of the 75 cases to be 
follow'ed, cortical excision was peifoimed m 59 and cianiotom} wuthout 
excision m 16 

The results w^ere determined as follows a seizuie must involve movement 
before it w as counted as such , auras, w ithout subsequent movement or loss of 
consciousness, w^ere not counted as a seizin e m the statistical analysis All 
results were counted fiom the time the patient was dischaiged from the 
hospital 

The grouping-^ of results is as follow s o = failure, i = 25 per cent im- 
provement, 2 = 50 pel cent improvement, 3 = 75 per cent improvement, 
4 = 100 pel cent improvement The patient was asked m each instance to 
express his owm conclusions m these peicentages Many wdio had gone for 
years with one, two or three seizin es consideied themselves completely cuied, 
but such individuals were placed m Group 3 Those m Group 4 have had no 
attacks since leaving hospital 

Expressed in another way. Groups 4 and 3 aie satisfactory The result 
was a success Group 2 includes the fair results and i and o are poor 
Routinely, no medication was given following operation except phenobarbital, 
and that usuall} for a year or twm m decreasing amounts All patients had had 
thorough, prolonged treatment by various medications befoie resort to 
operation 

Of the 59 patients (Table I) wdio had a coitical excision, theie were 15, 
or 25 3 per cent, who wei e completely free of seizures The number and 

length of time they have been free is 7 }ears — i , 6 yeais — 2, 5 years 3, 

4 years— 2, 3 yeais— 2, 2 }eais— 3, and i yeai— 2 Eighteen, or 305 pei 
cent, were almost completely fiee and w^ere placed m Group 3 Thus, a total 

This method is borrowed from the system employed by the Presbyterian Hospital, 
New York, where the follow-up system has reached a high degree of efficiency under the 
direction of Professors Allen Whipple and Walter Palmer 
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of 33 patients, or 55 8 per cent of the total, were free of attacks or had had 
only one or two, and considered themselves 100 per cent cured or almost so 
Eight, or 13 6 per cent, were m Group 2 Adding Groups 2, 3 and 4 to- 
gether, we find that there were 41, or 694 per cent, who had sufficient relief 
to make the procedure well worth-while Seven patients, or 12 per cent, were 
only slightly improved. Group i, while ii more, or 186 per cent, felt that 
they derived no benefit from the operation and were therefore put in 
Group o 

I Meningocetebral Scar Compared itnih Ah ophic Cerebral Lesion The 
nature of the simple cerebral lesion varied Sometimes it consisted in simple 


Table I 

RESULT OF OPERATION 


Operation 

4 

3 

2 

1 

0 

Total 

Cases 

Cortical excision 

IS 

18 

8 

7 

11 

59 


25 3 % 
SS 

30 5% 
8% 

13 6% 

12% 

18 6% 


Craniotomy without 

excision 

0 

0 

S 

2 

0 

16 




32% 

14% 

54% 



convolutional atrophy Occasionally there was little gross evidence of abnor- 
mality There were 31 menmgocerebral cicatrices and 28 cerebral lesions 
which were excised In the former group there were nine patients, or 29 per 
cent, who were completely free as against six, or 21 per cent, with cerebral 
lesions However m Group 3, nine patients, or 29 per cent, with meningo- 
cerebral cicatrix were “almost cured,” while nine patients, or 32 per cent, were 
in the same group of cerebral lesions If Groups 3 and 4 are combined, then 
58 per cent of the menmgocerebral cicatrices had a satisfactory result as 
against 53 per cent of the cerebral lesions, giving a slightly higher score of 
5 per cent for the former 

2 First Seism e After Operation What are the chances of having a satis- 
factory result from operation if a seizure occurs within a few months of dis- 
charge from the hospitaP 

In the group of 16 craniotomies without excision (Table I), 14, or 86 
per cent, began to have attacks m the first six months, while the remaining 
two had return of seizures in the second six months In the cases where 
craniotomy was associated with excision, 18, or 30 6 per cent, had poor 
results (Groups i and o) All of these patients had a speedy return of 
attacks within the first six months 

In Group 2, the first seizure occurred as follows during the first six 
months after operation — 4 patients, or 50 per cent, 7 to 12 months — i, 13 
to 24 months — 2 , and 25 to 60 months — i 
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In Group 3, the first or the only attack occurred as follows during the 
first SIX months after operation — 5, 01 28 per cent, 7 to 12 months — 5, or 28 
per cent, 13 to 24 months — 7, or 39 per cent, 25 to 60 months — i, or 5 
per cent 

3 Results According to Cause of Lesion The initial cause of the lesion 
responsible for the attacks in each case was studied before and during opera- 
tion In many this was quite clear, but m some it was indefinite If the cause 
was obscure, it was labelled “unknown ” 


Table II 


PROBABLE CAUSE OF CEREBRAL LESIONS 



Birth 

Head 





Injury 

Injury 

Infection 

Unknown 

Total 

Cortical excision 

17 

26 

9 

7 

59 


29% 

44% 

15% 

12% 


Exploration only 

3 

3 

0 

10 

16 


19% 

19% 

0 

62% 



Table III 

RELATIONSHIP OF SURGICAL THERAPA TO CAUSE 


Cause 

4 

Birth injury 

7 

41% 

Head injury 

5 

19% 

Infectious process 

1 

11% 

Unknown 

2 

29% 


Groups 


3 (4+3) 

2 

6 

1 

35% (76%) 

6% 

8 

4 

32% (51%) 

15% 

4 

2 

45% (56%) 

22% 

0 

1 

0 (29%) 

14% 


1 

0 

Total 

Cases 

1 

2 

17 

6% 

4 

12% 

5 

26 

15% 

1 

19% 

1 

9 

11% 

1 

11% 

3 

7 

14% 

43% 



Injuries that obviously dated back to birth compiised 29 per cent of the 
excision group, as shown in Table II Of these, 16 per cent (Table III) 
had a satisfactor}r result, with 41 per cent in Group 4 and 35 m Group 3 
Gross head trauma accounted for 44 per cent of the excision cases (Table II), 
and of these 51 per cent had a good result (Table III) Infectious processes, 
such as healed brain abscess, meningitis and cortical thrombophlebitis, com- 
prised 15 per cent, and 56 per cent of these had a satisfactoiy outcome In 
only 12 per cent of the patients was the initial cause unknown, of these 29 
per cent had a satisfactory result 

4 Interval Betzveen Biam Injuiy and Onset of Seizin es The histones of 
all 75 patients were studied to determine the length of time between production 
of the lesion and onset of the seizures The analysis yielded the following 
figures 

Birth injury —None had an onset of seizures in the first year, while 18 
per cent started having them in the two to five year interval Thirty-five per 
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cent began in six to ten years, and 47 per cent in 1 1 to 20 yeai s Thus, 82 per 
cent had their first seizure aftei the age of five years 

Head injury — If the injurj’- was due to head trauma after birth, 38 per 
cent began to have seizuies in the fiist j’^ear after the accident, 50 per cent 
in the two to five yeai inteival, 8 pei cent — six to ten years, and 4 per cent — 
II to 20 yeais Thus, 88 pei cent of these jiatieiits had onset of attacks 
within the first five yeais 

Infection — Only nine patients could liave the cause ot epilepsy traced to 
an infectious piocess, such as brani abscess, meningitis and cortical thrombo- 
phlebitis However, 56 pei cent of them had an attack within the first yeai 
and 22 pel cent in each of the two to five and six to ten yeai intervals Thus 
78 per cent began having seizuies within the fiist five yeais 

To summaiize this poition of the anahs’s — Cause was assigned m 52 per 
cent of the 75 cases The attacks began within the fiist year after the brain 
damage m 31 per cent of the cases Thej began during the next four years in 
33 per cent, and in the subsequent 15 years m 36 per cent of the cases The 
longest free inteival befoie onset of seizuies tends to occur in the cases of 
birth injury 

5 Relationship of Diaation of Seizuies to Outcome of Opeiation In 
Table IV, the patients -were giouped accoiding to the peiiod of time of opera- 
tion aftei the onset of the attacks Refeience to the table indicates that the 
duration of the seizuies has little or no eftect upon the outcome of treatment 
by excision It indicates also that the establishment of so-called “epileptic 
habit” is of no importance if the propei excision is earned out 

6 Relationship of Aw a to Result of Eiciuon The patient’s aura or 
w'arning that an attack is imminent is the most A^aluable single localizing sign 
The 59 patients in whom an excision was done A\eie grouped according to 
their various auras to see if anv prognostic indications could be discovered 

No aura Nineteen patients had no auia at all either they lost conscious- 
ness at the outset or movement began without previous waining Ten of 
these, or 53 per cent, had a good lesult following opeiation 

Somatosensory aura Tw^enty-four patients had a sensation in some pait 
of the body before convulsive movements began, this sensation was vaiiously 
described as numbness, tingling, pain, pressure or fullness Fiftj^-foui pei 
cent had a successful result 

Viscerosensory aura Fn^e patients had a visceral w^arning Tw'o of 
these had an epigastric sensation wdiich ascended to the chin before con- 
sciousness was lost One had a feeling of nausea, one epigastric pain, and one 
a unilateral body aura Four of the five have had a satisfactory relief from 
seizures 

Visual aura Six patients w^ere w'arned of an attack by visual sensations 
of lights or spots before their eyes Half of them had a satisfactory operatn^e 
result 
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Dreamy state aura T\^o had an illusion of perception or an hallucination 
in advance of convulsive movements One had a good result 

Auditory-vertiginous aura One patient had an aura of dizziness and 
buzzing , she v as not helped 

Forced thinking Two patients had an am a of thoughts which came to 
them and which they could not suppress Both of them have had good results 

7 RelaUonslnp of Site of Excision to Result The cerebral excisions 
w ere grouped according to the area in which the excision was made, to deter- 
mine what difference m outcome theie might be Of course, many of the 
removals involved more than one lobe and m these the site of the major 
removal was taken as the group into which it fell The number of patients 
and the percentages of satisfactory lesults are as follows frontal pole — 14 
cases, 71 per cent satisfactory, midlme fiontal lobe — thiee, o per cent, central 
region — 16, 69 per cent, temporal lobe---i4, 50 per cent, parietal lobe — five, 
40 per cent , occipital lobe — seven, 43 per cent The differences are not very 
significant, but the frontal pole and the central areas have a higher scoring 

8 Relationship of Pneumoencephalogi am to Result of Excision Pneu- 
moencephalograms were made m 54 of the 59 patients In 78 per cent of 
these there was some degree of localized ventricular deformity which sug- 
gested an atrophic lesion Of those with such a deformity, 58 per cent had a 
satisfactory result Of the 22 per cent whose pneumoencephalogram was of 
no localizing value, only 42 per cent had a satisfactory lesult 

An encephalogram was made in 15 of the 16 patients who had no cortical 
excision carried out Eleven, or 73 per cent, of these showed local atrophy, 
none of the patients w ere listed in the success groups 

9 Physical and Neiiiologic Examination In 41 per cent of the patients, 
the physical and neurologic examination, exclusive of local injury or deformity 
of the skull, pointed to a local lesion Of this group, 67 per cent were 111 
Groups 3 or 4 Of the 59 per cent wdiose examination did not localize a 
lesion, 49 per cent had a good result from operation 

10 Pieopeiative Elect) oencephalogi aphy All of the patients had a pre- 
operative electroencephalogram taken The method of recording has been 
described by Jasper elsewdiere (see pp 380 to 455 m Penfield and Erickson, 
1941) The preoperative electroencephalogram of each patient was classified 
in the manner described by Jasper and Penfield (1943) 

The preoperative electrographic conclusions are tabulated in Table V for 
the 16 cases in w^hich no excision w’’as made at craniotomy and also for the 
59 cases wuth excision This table does not include electrocorticography'’' 
after exposure of the brain It may be pointed out that a superficial cortical 
focus IS apt to give rise to potential changes of brief duration and high voltage 
that are recorded in the electroencephalogram as “spikes ” A similar focus 
somew^hat deeper, i e , m the gray matter at the bottom of a fissure 01 on the 
under su rface of a lobe, appears in the scalp electrogiam as a somew^iat slower 

* An estimate of the value of this procedure will be made in a subsequent report 
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alteration in potential called a “sharp wave ” The delta waves referred to 
in Table V indicate brain injury either due to an advancing process or as the 
temporary result of severe seizures 

When clinical studies indicate that there is a localized focus giving rise 
to periodic seizures, the electroencephalogram may be carried our repeatedly 
and hyperventilation, hydration or metrazol used to increase the activity of the 
focus until the source is mapped out Some sort of electrographic localization 
was thus worked out in all but three cases, and in two cases the electro- 
encephalographic abnormality was unclassified In none of these cases was 
the result satisfactory 


Table IV 


RELATIONSHIP OF SURGICAL THERAPY 

TO PREOPERATIVE DURATION 

OF SEIZURES 

Success 

Years Before Operation 

Total Patients 

Groups 3+4 

1 

3 - 5% 

1 - 33% 

2-S 

2S - 43% 

14 - 56% 

6-10 

16 - 27% 

10 - 62% 

11-20 

9 - 15% 

5 - 55% 

21-30 

6 - 10% 

3 - 50% 


59 

33 - 56% 


Table V 

PREOPERATIVE ELECTROENCEPHALOGRAMS 


EEC 

Spike and/or sharp wave focus 

Same with contralateral transmission 

Same with bilateral synchronies 

Same with delta elsewhere 

Same with other foci 

No focus 

Unclassified 


Negative 

Success 


Success 

Explora- 

Groups 

Exci- 

Groups 

tions 

3+4 

sions 

3+4 

4 

0 

21 

11 - 52% 

5 

0 

16 

14 - 88% 

4 

0 

9 

4 - 44% 

0 

0 

9 

3 - 33% 

0 

0 

2 

1 

3 

0 

0 

0 

0 

0 

2 

0 


It is of interest that when the electroencephalogram indicated a localized 
discharge with secondary conduction of the abnormal waves to the opposite 
side, the prognosis for a good result with excision was excellent, 88 per cent 
But it is to be observed that in five such cases the surgeon was unable to 
decide what area to remove, probably because of the lack of gross abnormality 
Electroencephalography in the hands of an experienced interpreter pre- 
vents the surgeon from operating upon patients who suffer from idiopathic 
epilepsy The finding of a three per second dysrhythmia typical of “petit mal 
epilepsy” is a contraindication to operation More rapid bitemporal 
dysrhythmia may prove, on analysis, to be due to a unilateral lesion deep m 
one temporal lobe 

Only one patient operated upon had an electroencephalogram which was 
classified as not of epileptic pattern This patient had choreoathetosis with 
focal seizures Her electroencephalogram showed an increased amplitude 
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of beta rhythm over the central area on the right side Removal of the arm 
area did not stop her seizures but cured the involuntary movements Recent 
electroencephalograms in this case have suggested a deep temporal lobe focus 
for the seizures 

1 1 Postopei ahve Electi o encephalography Postoperative electroencephalo- 
grams were taken in the case of 56 out of the 59 patients after their cortical 
excisions This was done m the third or fourth week following opeiation and 
after the withdrawal of phenobarbital for 48 hours Further records were 
made months or years after operation on some of the patients, but these are 
too few to be of statistical value and are not included in this report 

The postoperative electroencephalograms taken thus before leaving hospital 
are tabulated m Table VI The ciiteria of improvement, as established by 


Table VI 


POSTOPERATIVE ELECTROENCEPHALOGRAMS AND PROGNOSIS 



Postoperative E E G 

Patients 

Success Groups 
3+4 

A 

Normal 

11 

9 - 82% 

B 

Much improved 

16 

16 - 100% 

C 

Slightly improved 

9 

3 - 33% 

D 

Unimproved 

11 

2 - 18% 

E. 

Sev ere delta 

9 

2 - 22% 


Doctor Jasper, were diminution m amount and amplitude of sharp waves, 
spikes and rhythmic slow waves A normal record indicates no sharp waves 
nor spikes Minimal random slow waves are not considered abnormal m the 
first few weeks postoperatively 

If the first group — A — ^and the second group — B — m Table VI are taken 
together, there are 27 cases in which the postoperative electroencephalogram 
gave a normal or much improved record, and 25 of these patients had a suc- 
cessful result of operation On the contrary, little or no immediate improve- 
ment in the postoperative electroencephalogram gives small promise of a good 
result In retrospect, it seems likely that furthei excision should have been 
considered in some of these cases before discharge 

12 Postoperative Complications Various postoperative complications to 
which the neurosurgeon may “fall heir” are summarized m Table VII Of the 
patients who had cortical excision, 14, or 25 per cent, had one or more con- 
valescent seizures while in hospital Of these, five, or 36 per cent, had a 
Group 3 or 4 result, but only one of them was in Group 4 with complete 
freedom from attacks In the control group (not included m Table III) 
where no excision was made, ten patients, or 71 per cent, had postoperative 
attacks during convalescence, and none of these had a satisfactory outcome 

Six patients had a second operation for further removal of epileptogenic 
tissue One of these had a satisfactory result, and two of them a perfect result 

13 Medication Before operation, the best known forms of conservative 
medication and treatment were given a fair trial In every case this included 
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phenobarbital and almost always dilantin After operation, pbenobarbital was 
given in most cases for a year or more, and if a seizure occurred, it was con- 
tinued indefinitely Of tbe 15 patients wbo have been completely free of 
seizures, eight are taking no medication whatsoever, and the remainder take 
anti-convulsant drugs iriegulaily as a precaution Of the 18 who are in 
Group 3 , all but one are taking phenobarbital regularly 

14 Economic Results All but one of the 33 patients m the success Groups 
3 and 4 are woiking or studying full time, he has a paralysis of one arm and 
will be able to work when he leains a trade Two lequire supervision because 
of occasional behavioi difficult) Among those with better results are two 
' physicians, six university students, one school teacher two stenographers and 
one professional musician Even in Group 2 \\ ith only a 50 per cent improve- 
ment, It is possible for some patients to be economically self-supporting 


Tarlc vii 


POSTOPERATIVn COMPI ICATIONS \ND I ROGNOSIS 



Excision 

Success Groups 

Complication 

Cases 

3+4 

Convalescent seizures 

14 

5 - 36% 

Reoperations further excision 

6 

3 - 50% 

Reoperations for bleeding 

3 

2 - 66% 

Aseptic meningitis 

0 

4 - 80% 


1 5 Analysis of Fail 10 es There were 18 patients, 01 30 6 per cent, who were 
not helped appreciably by cortical excision At operation the removal was con- 
sidered satisfactory in only three In the other 15 the lesion was too diffuse for 
complete removal, or else complete removal would have probably resulted m 
paralysis or aphasia and thus rendered the patient worse after operation than 
before 

The 16 patients of the control gioup, who were opeiated upon but for whom 
no cortical excision was deemed advisable, aie also to be consideied failures 
In three, a subtemporal decompression was earned out, in thiee, lysis of ad- 
hesions , in one, removal of a calcified subpial mass , and m one, 1 emoval of a 
calcified subdural hematoma The diagnoses in this group were hyperostosis 
frontalis interna, two , craniostenosis, one , arteriovenous aneurysm one , focal 
atrophy of brain, three , calcified subpial mass, one , calcified subdural hema- 
toma one , and no objective lesion, seven 

Postoperative electroencephalograms were taken in 15 of the 16 In none 
of these was there any appreciable electrographic improvement, and none of 
these patients could be placed in result Groups 3 or 4, although two felt that 
they had been helped as much as 50 per cent and were therefore placed m 
Group 2 Two patients were helped as much as 50 per cent and one slightly 
improved Thus, 13 out of 16 were not helped at all This would seem to 
indicate that craniotonn which does not include removal of abnormally func- 
tioning cortex has no chance of success 
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D CASE STUDY 

Patients who sufter from epileptic seizures can be studied by means of a 
simple classification As infoimation accumulates, it ma) be necessary to shift 
the individual from tentative classification under one heading to final classi- 
fication undei another (Table VIII) 

I Classification a Idiopathic Epilepsy In this class the electro- 
encephalogram sho\\s a bilateral disturbance m brain potentials of character- 
istic foim The seizure begins with loss of consciousness, and when small 
is of the type lecognizable as “absence'* or “petit mal ” There is often an 
epileptic tendency m the families of such patients For idiopathic epilepsy there 
is no eftective surgical therapy 


TvBLn VlII 

WORKING CL\S3IFIC\TION 

\ Idiopathic ep 'epsj 
B Cerebral seizures 
Causo 

C Tocal cerebral seizures 
Localization 
Cause 


b Cerebral Seizures When the attacks are not clearly of the above type, 
the cause should be sought and the pattern of attack studied If the cause 
proves to be due to h) poglycenua, to a degenerative condition of the brain, 
systemic disease, etc , surgical theiapy is likewise not indicated, and the diag- 
nosis IS expressed, foi example, as ceiebral seizures, cause — hypoglycemia 

c Focal Cerebral Seizures When the beginning of the seizures is 
clearly identified and if the cause is obviously not hereditary, metabolic, 
degenerative or neoplastic, then the diagnosis of focal cerebral seizures may be 
made If conseiwative treatment does not contiol the attacks, then surgery 
may be given due consideration In most cases the patient should be hospital- 
ized foi study so that the suitable cases may be selected 

2 Attack Pattern Almost all patients have minor as well as major 
seizures The nature of this minor attack or of the earliest beginning of the 
major seizure gives the observers a clue as to the site of origin If this is a 
visual phenomenon, the epileptogenic focus is in the occipital lobe, if it is 
Jacksonian motor, it is m the precentral gjwus, if sensory, it is postcentral, 
if hallucinatory, it is temporal , if it begins wuth unconscious turning, it is one 
fiontal pole, etc (See Selected Writings of J Hughhngs Jackson, 1931 , Pen- 
field and Erickson, 1941 ) 

3 Roentgenogiaphy Asymmetiy of the skull or cranial hemiatrophy may 
be strongly suggestue of birth injury Cranial defects or depressions and 
intracranial calcifications may, of course, be highly significant 

4 Pnenmoencephalogi aphy Ventricular study usually shouts some evi- 
dence of local cerebral atrophy That portion of the ventricle must be clearly 
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Visualized which lies under the area of cortex incriminated by the seizure 
pattern 

5 Elecfroencephalogi aphy Special methods of electrographic study make 
it possible to identify the location of epileptogenic discharge in a very high 



A rienin^o- cerebral 
cicatrix 



C Local micro- 


B Tt 


uimour 



D Brain cyst 


Fig I — Schematic cross sections of lesions apt to product foci of 
epilepotogenic discharge in the cerebral cortex The arrows point to frontier 
portions of gray matter in A, B and D in which the convolution is partially 
destroyed Such gray matter is apt to become the source of seizures, not 
all around, but only on one side of the lesion In C, small gyri are shown 
containing a reduced number of ganglion cells Such gyri result from local 
ischemia at birth (from Penfield, W Chapter in British Surgical Practice, 
London, Butterworth, 1947) 


proportion of cases of focal epilepsy (Jasper and Penfield, 1943). It is some- 
times necessary to make repeated trials and to increase the activity of the focus 
by artificial means, such as hydration, hyperventilation, metrazol. (See Cure, 
Rasmussen and Jasper, 1947 ) 

A large area of brain may be abnormal and yet the discharging focus be 
present in only one small area The electroencephalogram may thus be the 
surgeon’s best guide For example, in the case of T K there was a large 
traumatic lesion of the right frontal lobe The electrographic record showed 
the presence of spike discharges, as illustrated in Figure 2, when the elec- 
trodes were placed on this portion of the scalp Three weeks after radical 
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operative excision, the spike disturbances had disappeared and the record was 
nearly normal (Fig 3) This patient has had no further seizures after seven 
years 

On the other hand, following brain damage, and also following brain opera- 
tions, an unfavorable electroencephalogram may continue for years in the 


T K 


PREOPERATlVE 


WV'/'' 


I SEC 





Fig 2 — Case T K Electroencephalogram from scalp leads F2, 4, 6 and 8 The “spike” 
waves indicate a superficial epileptogenic focus 



Fig 3 — Same case as in Figure 2 Electroencephalogram from scalp leads PF2 and F2, 
4 and 6 after removal of cerebral scar The “spike” forms have disappeared 


absence of seizures Therefore, the electrographic report alone does not 
justify surgical interference Furthermore, the electroencephalographer can 
not predict with certainty whether injured brain will eventually develop into an 
epileptogenic focus 

E OPERATION 

No preoperative sedative is used and nothing more than codeine during 
operation An osteoplastic craniotomy of adequate size is made under local 
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analgesia (Fig 4) The dura is opened with great care so as not to injure 
the pia mater If very dense adhesions are present, it is well to be sure that 
only that portion of brain is exposed which is likely to be removed An electro- 
graphic study can led out upon the unopened dura is often a help m such a case 




^*0 






\\ - 




Fig 4 — Case R E Craniotomy Note line of fracture m the parietal bone, also 
the defects in the dura conesponding to erosions in the under surface of the bone flap 
Exposed brain regularly produces such absorption of overlying skull 


When the brain is exposed the surgeon faces the problem of what area 
should be removed He must bear m mind that the actual focus is usually a 
parth" destroyed or atrophied gyrus still capable of function, however abnormal 
As a preliminary, he should discover rvhere the motor gyrus is by stimulation 
He may try to induce the patient’s auia or minor seizure by stimulation 

In the case of R E (Fig 5) the point of maximum injury produced in the 






Volume 126 
Number 5 


FOCAL EPILEPSY 


cortex by the depi essed bone fi agment was obvious Some study was required 
to discover how wide the excision could be without pioducmg paralysis and 
how ^Mde It needed to be in oidei to ensure leliet o{ seizures 

Electrical stimulation of the cortex was theiefore earned out, care being 



Fig 5 — Case R E Brain exposed Numbers on paper tickets mark points 
from which motor or sensory responses were produced by stimulation Letters 
indicate points at which cortical electrographic recording showed “spike” activity 
A black thread has been placed on fissure lines up to which excision of convo- 
lutions was proposed 

taken to avoid production of a motor (physiologic) seizure A Rahm stimu- 
lator-^ is useful for this purpose, frequency 6o per second, beginning with Yz 

* This stimulator was modified by Rahm after the original model described by Rahm 
and Scarff (1943) The modifications were outlined by Dr Herbert Jasper and the elec- 
trical characteristics are as follows It is a thyratron circuit providing a saw tooth wave 
form at frequencies of i, 3, 8, 15, 30, 60, 90, and 120 pulses per second The pulse dura- 
tion IS increased with a decrease in frequency of repetition to a maximum duration of 50 
milliseconds at the lower frequencies Stimulus intensities between o and 11 volts (peak) 
are read directlv from a meter placed across the stimulating electrodes A low output 
impedance permits considerable variation in resistance between the electrodes with mini- 
mal changes in stimulating voltage 
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volt and increasing to one or two volts The patient will report sensation from 
stimulation of the postcentral gyrus or movements may be produced by stimu- 
lation of the precentral gyrus There is no other way of being sure where the 
central fissure is In Figure 5 small paper tickets have been placed on points 
where stimulation produced responses For example i = movement of left 
shoulder, 4 = pins and needles sensation in left shoulder, 5 = sensation in 
left hand, 13 = sensation in left side of tongue, etc The position of the central 
fissure was therefore clear 



Fig 6 — Case R E After the excision Note that the remaining gyri are still 
covered with pia mater and pial vessels 


An electrocorticogram was earned out, placing electrodes directly on the 
brain This showed a good deal of active “spike” discharge about the center of 
the lesion at B, C, D, F and H It was decided, therefore, to make a 
wide excision along fissure lines, and a black thread was placed on the brain as 
a reminder of the proposed extent of removal A circular incision was then 
made inside this line in the convolution between the thread and the central area 
injury This incision was made by passing sutures through the pia mater and 
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then cutting the convolution by tying the suture The central area was then 
taken out by undercutting with a dissector This left behind a half centimeter 
of convolution about the area of excision This remaining portion of the con- 
volution was then i emoved subpially by means of a small sucker m such a way 
as to leave untouched the pia mater that covered the adjacent gyri The result 
IS shown m Figure 6 

During the removal, the patient may be examined to determine whether 
function has been altered At the end of the removal he is allowed to go to sleep 
with the aid of avertin or pentothal *' The dm a is closed, the bone flap replaced 
and fastened with steel wire A dram is often placed in the exti adural or sub- 
dural space and brought out tin ough a small separate incision in the scalp to be 
removed after 24 hours 

By this technic it is possible to remove all gray matter that has lost its pia 
in so far as this is possible It leaves the white matter exposed at the base of 
the excision An effort is made not to open the ventricle but to leave ependyma 
intact An open ventricle m such cases is apt to produce postoperative fever 
(aseptic meningitis) 

Large excisions may present special difficulties In the case of D G , the 
right occipital lobe was largely destroyed by a subdural hematoma and cerebral 
compression at birth When the lobe was exposed at operation (Fig 7), sub- 
dural adhesions were cut and a zone of electroencephalographic “spike” activity 
was demonstrated, as shown by letters A, B, C, D, and E The whole lobe was 
then amputated, leaving a fairly well preserved convolutional frontier It was 
not possible to spare the ependyma Consequently, the ventricle and choroid 
plexus are seen to be exposed 

The postoperative course was stormy The wound was reopened to evacuate 
an extradural hematoma This was followed in turn by a scalp infection which 
was treated and then closed secondarily A prolonged period of aseptic menin- 
gitis followed Nevertheless, healing was eventually satisfactory and the boy 
has been free of seizures during the two and one-half years since operation, 
and certain behavior difficulties have disappeared along with the seizures, an 
added benefit which is not uncommon 

F. EXCISION TECHNIC 

Horsley (1909) first described the subpial method of convolutional re- 
moval, and Sachs (1935) and Furlow (1938) endorsed it Foerster (Foerster 
and Penfield, 1930) used the method of cutting with a thread, the line of ex- 
cision being made down the middle of each convolution as far as possible, thus 
leaving half of the convolution Penfield used the same method for the 1 15 pa- 
tients operated upon m the 1929 to 1939 period (Penfield and Erickson, 1941) 

* Dr Ronald Stephen (our associate m charge of anesthesia) finds that avertin tends 
to drop the pressure too much at the close of operation He prefers sodium pentothal 
intravenously, combined with a 50-50 mixture of nitrous oxide and oxygen administered 
through a nasopharyngeal tube, using a non-rebreathing valve Most patients required an 
intravenous saline infusion, some a transfusion 
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111 the present lepoit the removal method is a modification of the two, the 
central area being excised by the thread method and the peripheral zone being 
cleaned out subpially by suction The results m this series are 12 per cent 
bettei than in the earlier senes, but that does not necessarily demonstrate that 
the improvement is due to the altered technic of removal 

More accurate indication of the success of excision technic may be found 
m the postoperative elect! ogi am In 19 of the excision cases (17 per cent), the 
electrogram gave evidence that remaining gray maUer had been damaged at 



Fig 7 — Case D G On the left is shown the occipital lobe injured at birth A, B, 
C, D, and E indicate electrographic evidence of epileptogenic activity Numbers 2, 3, and 
4 he on the postcentral gyrus, as proved by stimulation The broken line indicates the 
limit of proposed removal On the right the removal has been earned out, consisting m 
an occipital lobectomy The ventricle, unfortunately, had to be opened 


operation or that it had had its circulation interfered with This was indicated 
by the presence of large slow waves (delta waves) Only tw^o of these patients, 
or 22 per cent, had a satisfactoiy result The conclusion seems to be that for 
these 19 patients there was either some imperfection in the execution of the 
technic or that a better technic should be devised so that no delta w'^aves appeal 
after operation When a surgeon is able to pass the test of the postopei ative 
electrogram, he may claim that his technic of excision is satisfactory 

G StTjMMAKY AND CONCLUSION 

There is a large group of patients ordinarily treated on a symptomatic basis 
as essential epileptics Some simple working classification, such as that m 
Table VIII, should be used to distinguish these sufferers from those that are 
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subject to cerebral seizuies clue to s}stemic abnoimality oi to idiopathic 
epilepsy In the differential diagnosis of such patients the terms “grand mal” 
and “psychomotor epilepsy” aie confusing unless it is recognized that they 
refer to electroencephalographic patterns with no particulai clinical significance 

In this present series of 76 patients, there was one death (12 per cent 
operative mortalit} ) Of the 59 patients who had excision, 15 had no further 
attacks during a one to seven year postoperative peiiod (Group 4), and 18 had 
one or two seizures but considered themselves cuied 01 practically so (Group 
3) Adding the two gioups together, 56 per cent of the patients had a success- 
tul operation Sixteen similar craniotomies weie carried out without excision 
and none of these was successful (Table I) It therefore seems fan to conclude 
that epileptic seizures, due to cerebral abnoimality, aie not helped by craniotomy 
unless radical excision is earned out Removal of adhesions, decompiession, or 
closure of cranial defects have no effect upon the attacks unless the proper 
excision is carried out 

The elements of success 01 failure 111 the excision series are to be sought 
in an analysis of the nature of the lesion, the methods of study, and the technic 
of removal 

The cause of the original lesion in this series vas most often head injury, 
secondly, birth injury, and, thirdly, local infection The cause was unknown in 
12 per cent oi the excisions and in 62 per cent of the negative explorations 
(Table II) The duration of attacks before operation had little or no influence 
on the outcome (Table IV) 

It IS interesting that when the cause was head injury or infection, the onset 
of seizures was early The beginning of attacks in these cases came within five 
years in four out of five cases On the other hand, when the cause was birth 
injuiy, the onset of seizures was longer delayed The beginning of attacks came 
after the age of five in four out of five cases It would seem, therefore, that 
during infancy and early childhood damaged brain is usually slower to develop 
the epileptogenic mechanism than later in life 

The best results from excision were obtained in the birth injury group (76 
per cent) Infectious processes came next with 56 per cent success, and head 
injury third with 51 per cent (Table III) Excision is equally effective when 
applied to memngocerebral scars or to simple cerebral foci Removals in the 
frontal pole were most successful (73 per cent), and the central (or sensori- 
motor) cortex came next (67 per cent) 

When attacks recur after operation and after the patient leaves hospital, the 
earlier they appear the more gloomy is the prognosis of eventual recovery 
When attacks occur in the convalescent period while the patient is still in 
hospital, the prognosis of a good result is extremely poor if the pattern of onset 
IS the same as before operation Attacks that indicate a neighboring gyrus is 
subject to edema or anoxemia ivill have a different pattern and may produce less 

* When cranjotomy without excision results in cessation of attacks, it is likely that 
the patient should have been classified in the idiopathic group Such patients occasionally 
haie spontaneous cessation of seizures 
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pessimism If the pattern is the same as preoperatively, an immediate second 
operation should be considered Six patients were thus subjected to a second 
excision, and three of them were thus placed m success groups (Table VII) 

As the result of this present analysis we would conclude that the persistence 
of a “spike” electrographic focus after operation or the appearance of marked 
“delta” electrographic activity near the site or removal should cause the surgeon 
to consider reoperation (Table VI) 

In preoperative studies, the simpler the electrographic record is and the 
better it is localized, the better the prognosis of a successful excision The 
more diftuse the electrographic abnormality, the less hopeful is the prognosis 
(Table V) It must be added, however, that a well localized, simple electro- 
encephalogram, not supported by pneumographic or other evidence of a lesion, 
has sometimes led us to a useless exploration, i e , a craniotomy without 
excision Excision guided solely by electrographic abnormality seems to be a 
piocedure of doubtful value The uses of electroencephalography during oper- 
ation (electrocorticography) are still being studied and will be reported upon 
at a later time 

In conclusion, the surest guide to localization of an epileptogenic zone is 
the seizure pattern The greatest supplementary help a surgeon can receive is 
electrographic study by an expert,* and it is fair to say that this special method 
of study has opened a new chapter in the treatment of focal epilepsy However, 
the electrogram without objective change in the cortex and without the other 
means of study is not yet to be trusted as the final guide to excision 

Radical excision seems to offer a reasonable possibility of cure (56 per 
cent) to those who have cortical foci of discharge and whose attacks are not 
controlled by medication All patients operated upon within a given period 
have been included m this report, so that the elements of success and failure 
may become apparent and in the hope that this may prepare the way for 
future advance 
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Discussion — ^Dr Gilbert Horrax, Boston I think we all owe a great debt of 
gratitude to Dr Penfield for the work he has done for a long time on the surgical 
treatment of epilepsy This is such a widespread disorder that any type of tieatment 
that offers relief is most important I think the things for neurosurgeons to remember 
are these First, careful neurologic study preoperatively so far as history and type of 
seizure are concerned, second, we ought to have the help of men like Dr Jasper for 
electroencephalographic interpretation and, third, that the epileptic focus does not confine 
Itself to the area seen at operation but may extend bejmnd the area, and this should be 
studied for response to electric stimuli 

Dr. W J Mixter, Boston This is a very important contribution Dr Penfield’s 
work we all know, he having had more experience than any ot the rest of us in this type 
of work, and his results are probably better than most of us can have This comes with 
particular importance at this time, because we have a large number of post-war epileptics 
in the world today, many of whom are open to treatment along these lines When we 
consider the number m this country and multiply that by the number there must be in 
backward countries where there are no means of handling these cases, we can see the 
load the world must carry m caring for tliese cases 

One thing seems to me of great importance That is the study of encephalography 
on the open brain which Dr Penfield alluded to I believe this is a very important part 
of the operation, and I want to stress that fact, because there have been too many of 
these scars excised without testing the cortex As Dr Horrax said, many of these show 
extension of the epileptic focus to the side away from the scar, and in such cases simple 
removal of the scar itself will not cure tlie patient I would like to hear what is bang 
done in the Veterans Administration concerning this group of cases 

Dr. W McK. Craig, Rochester, Minn Dr Mixter has referred to the Veterans 
Bureau and epilepsy Realizing that subsequent to all the head injuries sustained in the 
last war there would be a large number of post-traumatic epilepsy cases, the National 
Research Council has endeavored to set up committees and subcommittees to supervise 
projects in the Veterans Hospitals Follow-up studies are to be carried out and when 
epilepsy occurs these cases are to be dealt with in a manner similar to that described by 
Dr Penfield 

By his work Dr Penfield will piove a great benefactor to the veterans program and 
merits our gratitude for his efforts 

Dr. Wilder Penfield, Montreal (closing) I am very glad that Dr Horrax empha- 
sized the importance of electroencephalography It is the greatest aid, although the study 
of the simple epileptic patterns still remains the most important method of localizing 
attacks So far as electroencephalographic records from tlie exposed brain are concerned, 
we have been doing this for six or seven years but are not ready to make final judgment 
as to Its value. It does help, but it is possible, also, that it may misdirect the surgeon 
because of the altered condition of the cortex after exposure 

Dr Mixter called attention to the great body of post-traumatic cases from the war, 
the world around During the next five oi ten years there will be an enormous number 
of veterans complaining of post-traumatic epilepsy The attacks are apt to begin any time 
m the ten years following injury I feel that in Russia the incidence may be higher than 
here because of their different technic in handling brain wounds They left the brain 
wound open for a longer period than was the habit here That remains to be seen 

Dr Craig mentioned the work with veterans Our feeling in general is that the 
veteran who has sazures should be treated for at least a year by all possible conservative 
measures before operation is considered The duration of seizures has no influence upon 
the eventual result of operation There may be an epileptic habit, but if the focus is 
properly removed the nerve pattern of habit goes with it 
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URGENT SURGERY IN THE AGED* 

CoNDicT W. Cutler, Jr , M.D 
New Youk, N Y 

Little as the surgeon may relish majoi operative procedures on patients 
in the seventh decade or beyond, there occur occasions when he is forced to 
intervene to preserve life With the consistent aging of the population, such 
occasions may be expected to occur with ever greater frequency 

The Goldwater Memorial Hospital of New York, serving the chronic 
patients drawn from all the City’s hospitals and from the City Home for aged 
and indigent persons, has furnished opportunity for the observation of surgical 
emergencies in old people This review is based on the experiences of the 
Second Surgical Division over a period of seven years 

The 204 patients who were the basis of these observations ranged in age 
from 60 to 102 The average age of the group was 74 These patients pre- 
sented not only the “normal” deteriorations of age, but also many of the 
diseases of senility in chronic and advanced form 

These factors of deterioration and of disease give the problem of urgent 
surgery in the older age group its special character When an emergency 
arises, there is little opportunity to improve the patient’s physical status and 
none to rectify fundamental organic defects Frequently encountered m our 
patients w^ere m)^ocardial degeneration, valvular heart disease, overweight, 
malnutrition, the results of previous coronary infarction or cerebral vascular 
accident, tuberculosis, lues, diabetes, anemia, vitamin deficiency states, hypo- 
proteinemia, arterial sclerosis, varieties of renal or hepatic dysfunction, or 
combinations of these defects 

These conditions often entailed difficulties of early and accurate diagnosis, 
since the defects might mask or mimic conditions requiring quick surgical 
intervention There were also serious postoperative complications These old 
patients are peculiarly susceptible to pneumonia, wound disruptions and sepsis 
Many of them succumb, even weeks after operation, to cerebral-vascular acci- 
dents, to coronary occlusions, uremia, anuria, and cardio-vascular-renal col- 
lapse While the mortality rate attending urgent surgery m this group was 
high (84 deaths following 188 operations, or 44 per cent), the survivals 
represent surgical salvage of individuals who, unaided, would almost surely 
have succumbed Our attitude was well expressed by Rowntree^ “All would 
agree that every effort should be made to save life in acute emergencies, unless 
the patient is already m extremis ” Of our 204 patients presenting surgical 
emergencies, 15 were either m extremis or refused surgery, and all 15 
succumbed 

Certain general principles of therapy were adopted to meet the requirements 
of this class of case ( i ) Utilize every quickly available measure for support 

* Read before the American Surgical Association, March 26, 1947, Hot Springs, Va 
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and piotection (2) Undertake the remedial opeiation with the least possible 
delay (3) With a minimum of tianma and m the shortest feasible time, per- 
form the simplest procedure that w'lll relieve the emeigency (4) Employ 
every means to safeguard the patient against postopeiative complications and 
watch diligently for signs of then development 

In cairymg out the principle of suppoit and piotection in the preoperative 
period, we have tried to take advantage, as they became available, of all val- 
uable measures replacement of depleted fluids and electrolytes, correcting 
impending acidosis wnth glucose and insulin, furnishing new blood or plasma, 
using the hydrolysates to laise the lowered blood protein level, employing 
concentrated vitamin solutions to promote tissue repair or to minimize hemoi- 
rhage, or the anticoagulants in thrombotic or embolic states The antibiotics 
have proved a powerful ally, and the patient about to be submitted to opera- 
tion, whether septic or not, should not be depiived of their protective and 
prophylactic effects Penicillin has become our stand-by (although moie 
than half of our patients were seen before it became available) , and it has been 
our custom to begin its employment preoperatively in doses up to 100,000 units 
at three hour intervals We have found it important in these elderly patients 
to recognize the inability of the failing heart and kidneys to deal with large 
quantities of fluids if given rapidly by vein 

While the value of the principles enunciated by Ravdin- and by Whipple’’ 
concerning replacement of weight loss, high caloric diet and the increased 
administration of food proteins as preoperative safeguards w^as lecognized, 
time was lacking in these uigent cases to carry them out In our own experi- 
ence, as m Bailey’s,^ all too often serious ailments w^ere permitted to develop 
well beyond the margin of safety before surgical opinion was consulted 

Supportive measures should not dela)' unduly the performance of urgent 
surgery where early intervention is requiied These old people deteiiorate 
rapidly undei sepsis, death of tissue, or obstruction of the intestinal tract 
Delays m laboratory or X-ray investigations, in ineffective effoi ts at intestinal 
intubation or m trying to reach an unattainable optimum in the patient’s 
condition may lead to failure 

The choice of appiopriate anesthetic is important Depiessant or toxic 
anesthetics are unusually hazardous m the aged We have veeied aw'ay fioin 
spinal anesthesia, apprehending the circulatory depression that frequently 
attends its use The fear of respiratoiy depression has deteried us from the 
barbiturates Chloroform and vinethene have too marked toxic properties, 
while nitrous oxide anesthesia involves anoxia Cyclopropane proved an almost 
ideal anesthetic, combining low'^ toxicity, rapid induction and recovery and 
good relaxation, and permitting high oxygenation Ether w^e found reliable, 
reasonably safe, and effective Latterly, intocostnn has served to increase 
relaxation, permitting the use of smaller quantities of cyclopropane or ether 
We have seen no ill effects from its use 

Local anesthesia was useful in many cases, but if it produced toxic effects, 
prolonged the operative procedure or failed to allay shock-producing pain, it 
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\\as inappropriate Since large doses of morphine as a basic sedative are not 
well tolerated, we have supplemented smaller doses (gr i/8) with small 
amounts of scopolamine (gr 1/150) wuth satisfactory results In some cases 
w^e have combined scopolamine wnth demerol (50 mg ) with equally good 
effect Refrigeration anesthesia for amputations, as proposed by Crossman^ 
and Allen,^ became almost routine after the middle of 1941 

With skilful use of the anesthetics now^ available, the anesthesia has not 
constituted a grave risk In the 188 operations recorded, there w^as onl}^ one 
fatalit} in which the anesthesia w'as involved Pneumonia, following operation, 
occurred in about the same relative frequency with each of the types of anes- 
thesia emplo} ed, and in roughly half of the cases, appeared ten days or more 
after the anesthetic 

Our experience parallels that of other observers Bancroft prefers local 
or cyclopropane anesthesia Knight and Baird® like local or block anesthesia, 
but have not been satisfied wnth them m abdominal operations Forestiere,^ 
anesthetist at the Goldw ater Memorial Hospital, states “Results wnth inhala- 
tion anesthesia are not surpassed by those with local, regional or other anes- 
thetic procedures ” Row ntree^ observes that old people take anesthetics well 
Quigley^® found that the type of anesthesia had little or no effect on mortality 
Rankin^^ sums up the matter “A good anesthetist, a short operative time and 
careful postoperative care wnll render the use of general anesthesia m old 
people as safe as any other anesthetic available ” 

Minimum trauma at the operation is nowhere so important as in the poor- 
risk elderly patient wdiere shock must be avoided The surgeon learns that he 
must be both accurate and fast, although as Rowmtree^ puts it, “Better an hour 
01 more of gentle manipulation than five minutes of clumsy bungling ” 

The emergency operation on the old patient should be the least and simplest 
procedure that wnll meet the issue Once the emergency is passed, the patient 
may be prepared under far more favorable circumstances to undergo any 
additional operation required Elective resections and anastomoses, meticulous 
repaii of hernias, prolonged exploration of the common bile duct and plastic 
amputations have no proper place m emergency surgery on old people As 
Rankin says,^^ “The nicety of surgical judgment as to w^hen, what and how 
much to do is the keynote to success m these patients ” During the course of 
the emergency operation, continuing support and protection of the patient are 
important Most valuable, as Wangensteen^^ suggests, is the replacement of 
all blood lost by administration of blood, or at least by plasma 

During the early postoperative hours, shock has been our first concern 
Our chief reliance m combatting it has been m the use of blood and oxygen 
It has been our practice to continue oxygen for at least six hours after opera- 
tion, and for several days m some instances Stimulant drugs ha\e been, in 
the mam, disappointing Postoperative sedation must be cautiously managed 
To prevent atelectasis, thorough aeration of the patient has been regularly 
performed at the close of the operation and during the succeeding 24 hours, 
rebreatbing proceduies carried out Nurses were instructed to move and turn 
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the patients frequently, to assure that a free air-way was maintained and that 
no aspiration of vomitus occurred These measures, plus the continuance of 
penicillin, are the best insurance also against pneumonia The termination of 
bed rest at the earliest possible moment has been our policy since the start of 
our service This practice no doubt has had value in preventing phlebo-throm- 
bosis and decubitus In our patients who were out of bed early we encountered 
no instance of wound dehiscence This accident occurred more frequently in 
patients who of necessity remained bedridden and was the product of disten- 
tion, sepsis, wound infection, vitamin deficiency, lowered blood protein or the 
presence of carcinoma, rather than of the muscular action produced by early 
rising 

Closely spaced thi ough-and-through letention sutures in abdominal closure 
seemed to provide the best safeguard against disruption, supplementing careful 
repair by layers, special attention being given to accurate closure of the peri- 
toneum Special effort was made to provide optimum nutriment and to correct 
anemia, metabolic disturbances and deficiency states 

Fortunately phlebo-thrombosis has been rare Our present policy is to 
ligate and divide the superficial femoral vein of the leg showing involvement 
If cr3'ptogenic embolization occurs, we rely on heparin plus dicumarol 

Attention to moving, keeping the patient dry (for many of them were 
incontinent), early ambulation, avoidance of pressure and maintenance of nutri- 
tion sometimes failed to pi event decubitus When ulcers occurred, we were 
unable to leproduce m these old patients the brilliant results of plastic closure 
or grafting that we saw in the young victims of decubitus during the war 
A factor m the recovery of the old person who has undergone urgent 
surgery is the will to live Rankm^^ emphasizes the bad effects of "regimenta- 
tion and the domination of a relentless and impersonal routine ” Lacking 
encouragement or an alert and sympathetic interest in their complaints, having 
no incentive and no outlook to a less miserable future, sick old people are 
prone to lapse into a state of unresponsive indifference and lethargy from 
which a terminal pneumonia usualty provides the ultimate release 

The general principles above outlined may be illustrated by citing the 
more common surgical emergencies we encountered 

AMPtJTATIONS 

The emergency most frequently met was gangrene of the lower extremity, 
associated with arterio-sclerotic occlusion, with or without diabetes Usually 
there was premonitory complaint of pain in the extremity and evidence of 
diminished arterial circulation The onset of the complete occlusion was her- 
alded by increased severity of the pain, cyanotic pallor of the affected part, and 
coldness We encountered no case of embolic occlusion in which it was feasible 
to attempt embolectomy 

The obvious death of one toe or more, or a part of the foot or leg, did not 
constitute an emergency Conservative treatment awaiting demarcation was 
then in order If spreading infection m the extremity became apparent with 

766 



Velum. 126 URGENT SURGERY IN AGED 

Number 5 

elevation of temperature, rapid pulse and an ascending flush or lymphangitis, 
amputation became urgent Local incision or amputation anywhere within the 
zone of active cellulitis served only to make a bad matter worse A lower- 
third or mid-thigh amputation was the proper treatment, and the sooner 
employed the better 

Penicillin was administered in large doses, blood for transfusion procured, 
and the infected extremity segregated by tourniquet and local refrigeration 
begun Crossman’s® technic proved most effective and we rarely found it nec- 
essary to employ any other anesthesia Following the application of tourniquet 
and ice, the patient’s condition generally improved This procedure put a stop 
to the spread of sepsis at once and gave three hours or more of refrigeration 
to devote to preparatory, corrective and supportive treatment As a means of 
anesthesia the method in our hands was not superior to other anesthetics in the 
matter of operative risk or postoperative complications 

In septic cases, flap-forming procedures resulted often m septic and 
necrotic stumps and were abandoned in favor of the circular type of ampu- 
tation Loose closure of such stumps has been, until recently, our method, but 
a high incidence (6o per cent) of the breaking down of these wounds dictated 
the adoption of the completely open treatment with the application of skin 
traction, as advocated by Kirk for war injuries With this method we have 
seen less suppuration and spreading infection m the stump Applied with a 
plaster cuff and outrigger, such traction does not require bed confinement One 
reason for the ineffectiveness of flaps and sutures has been demonstrated 
repeatedly at the operating table where, even at a generously high level, the 
mam artery has been found completely obliterated by sclerosis and organized 
clot and the compensatory circulation so meager as to produce very little 
bleeding 

In patients suffering from diabetic gangrene there may, or may not, have 
been premonitory evidence of progressive peripheral circulatory failure Inva- 
sive infection, with following cellulitis and gangrene gained access through an 
abrasion or dermatophytosis of the foot, from a closely cut corn or around an 
old horny toenail Bringing the blood sugar under control in some instances 
served to localize the infection Surgical treatment then was conservative 
Where the infection was advancing, amputation was called for 

There were 73 cases of gangrene of the extremities The average of these 
patients was 72 years All showed evidence of arterial sclerosis, while 62 had 
clinical manifestations of arteno-sclerotlc heart disease Twenty-nine, or more 
than a third of them, had diabetes Fulminating sepsis was present in 45 Fif- 
teen were nephritic, 12 had had cerebral accidents and 17 suffered from 
coronary disease Five had had previous leg amputations for gangrene 
Among the other complications, which m most cases were multiple, were 
fractured femurs, leg ulcers, decubitis, active tuberculosis, anemia, prostatism, 
gastric ulcer, syphilis, rheumatic heart disease, bacterial endocarditis, pericar- 
ditis, cirrhosis, pneumonia and empyema, while one patient was recovering 
from an operation for acute intestinal obstruction 
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Eight of the 73 either refused operation or were inoperable All of these 
succumbed 

Incision and drainage of suppurating aieas about the foot or the amputation 
of gangrenous toes was followed in 20 cases of the 65 by obligatory thigh 
amputation within a few days We gained a distinct impression that it was 
often a precipitating factor 

Of the 65 operations performed, 59 were mid-thigh amputations, four were 
of the Carden type One of these lequired subsequent mid-thigh amputation 
for sepsis Two amputations were below the knee One of these developed gas 
gangrene demanding a mid-thigh amputation four days later Fifty-six oper- 
ations were of the circular type, while three weie done with flaps Foity-six 
had light sutuiing of muscle and skin over the bone end and 30 of these stumps 
suppurated, two with gas infection The skin alone was loosely sutured in 16 
cases and broke down in six Thus 60 per cent of the sutuied stumps broke 
down, leading to the piesent tentative practice of leaving open stumps with 
skin traction in septic cases This may prove to be too conservative, but thus 
far we have been pleased with their healing by granulation 

Other postoperative complications were Pneumonia, 22, sepsis, 6, 
shock, 3 

For anethesia, cyclopropane was used in 20 cases, spinal in ten Most of 
these were given prior to 1941, as was one nitrous-oxide-oxygen anesthesia 
Since the introduction of ref rigei ation anesthesia, most of the amputations 


Freoperative Condition 


Arteriosclerosis 73 

A S H D 62 

Diabetes 29 

Sepsis 45 

Nephritis 15 

Cerebral accident 12 

Coronary disease 1 7 

Decubitus 12 

Pneumonia 4 

Tbc 2 

Lues 2 

Fractured femur 4 

Leg ulcers S 

Previous major amputation 5 
Septic endocarditis 1 

Pencarditis 1 

Empyema 1 

Acute intestinal obstruction 1 
Cirrhosis ^ 1 

Gastric ulcer 1 

Prostatism 7 

Severe anemia 8 


8 unoperated — all died 


Table I 

gangrene of extremity 
Number 73 Average Age 72 


Amputations 65 

Thigh 59 

Carden s (knee) 4 

( 1 reamp for sepsis) 

Below knee 2 

( 1 reamp p 4 d — gas) 

Circular (guillotine) 56 

With flaps 3 

Suture ot muscle and skin 46 
Broke down 30 

(2 gas infections) 

Sutu'e of skin only 16 

Broke down 6 


60% of sutured wounds opened 
Anesthesia 

Cyclo (Pn 8—40%) 21 

Spinal (Pn 3 — 30%) 11 

Crymal* (Pn 9—30%) 31 

NjO (Pn 1 ) 1 

* Supplemented with 
Vinethene (1) 

Cyclo (1) 

Pentothal (1) 

No anesthetic accident 
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Postoperative Complications 


Pneumonia 22 

Sepsis 6 

Shock 

Recovered 40 

Died 25 

Mortality S8% 

Daj of death (av ) 1 1 

Cause ot death 

Pneumonia 1 1 

Sepsis 1 

Shock 3 

Decompensation Of coronary 6 
Cerebral accident 2 

Bleeding gastric ulcer I 

Gangrene other leg t 
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Is umber 5 

(31) have been done with it There have been no anesthetic accidents Pneu- 
monitis occui red in 40 pei cent of the cyclopi opane cases, 111 30 per cent of the 
crymal anesthesias, and in 30 per cent following spinal Six of eleven fatal 
cases of pneumonia occuried ten days or more aftei the operation 

Of the 65 patients operated upon, 40 recovered and 25 died — a mortality 
rate of 38 per cent The average day of death was the iith Three cases of 
shock died -sMthin 48 hours, the othei victims at mteivals up to one month 
Pneumonia took the highest toll of ii lives Sepsis claimed one, caidiac 
decompensation and coronaiy accidents killed six, cerebral hemorrhage two, 
and bleeding gastric ulcer and gangiene of the other leg one each The oper- 
ated diabetic patients showed as good a lecoveiy rate as did the non-diabetics 

INTESTINAL OBSTRUCTION 

Among the causes veie incarceiated and strangulated hernia, carcinoma 
of the large bowel, adhesions causing kinks or volvulus, foreign bodies, mesen- 
teric till ombosis, and fecal impaction 

The diagnosis of intestinal obstruction m old people and the determina- 
tion of its cause and location presented difficulties Since many of them were 
chromcall} constipated, the absence of bowel movements for a day or two was 
likely to pass unnoticed The complaint of some abdominal discomfort might 
easily escape attention, or the combination of tbe two situations might elicit an 
enema or a cathartic These people not infrequently developed atonic colons 
loaded with fecal matter, often associated wnth massive rectal impaction, wdiich 
produced a degree of intestinal obstiuction In such instances the enemas and 
cathartics usually relieved the situation 

Two or three days might pass after the onset of a true obstruction, pai- 
ticularly if it were 111 the large bow^el, befoie the development of distention and 
vomiting led to the calling in of the suigeons Our cases of obstruction weie 
often w^ell advanced by the time surgery could be employed Faced then wnth 
an emergency, little time w^as peimitted for investigation We adopted the 
policy of instituting early suigical treatment for such patients as rapidly as the 
necessaiy replacement and suppoitive therapy could bung them to a state of 
opei ability Dehydration and electiolyte deprivation weie corrected, plasma 
given and blood administered or piocuied A digital lectal examination was 
done, and thiee-position X-iay films of the abdomen were made to detect fluid 
levels and identify the distended loops of gut This was sometimes supple- 
mented by a barium enema picture Such studies often proved helpful m deter- 
mining the most direct approach and the shortest procedure, obviating an 
extensive exploration With the insertion of a tube into the stomach and 
suction decompi ession established, the patient was ready for operation 

(i) Lmge mteshne tumors In obstructive lesions of the large bowel, only 
cecostomy or colostomy ivas usually required This might be done under local 
anesthesia In peifoiming a cecostomy through a right lowei quadrant muscle- 
splitting incision, the w ithdraw al of a good segment of cecum through the skin 
^^as prefen ed No opening nas made in the gut until the wound had been 
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closed and protected Then a tube of good size or Pessar catheter was inserted 
well into the intra-abdominal portion of the gut within a purse-string suture 

When a large bowel tumor was demonstrated at exploration through a 
rectus incision, this incision was closed and cecostomy performed We learned 
the unwisdom of attempting to deal with the new growth itself, even by 
exteriorization, m the presence of acute obstruction 

(2) Ileus of small i 7 itestine In obstructions of the small intestine, the 
symptoms were usually more lively in onset, leading to earlier recognition 
Preoperative speculation proved fruitless m estimating the nature of the lesion 
One might find a constricting band, kinks, volvuli, or internal hernia, with or 
without gangrene of the intestine, or even an obstructing foreign body We 
were unable to differentiate before operation the cases of mesenteric thrombosis 
from those of mechanical ileus 

We found a generous incision to be a sound investment Once found, the 
obstruction was relieved as rapidly and with as little handling as possible 
When the gut was found to be definitely gangrenous, exteriorization of the 
affected loop gave the best chance of immediate survival, but involved the 
dangers resulting from intestinal fistula When the lesion was in the jejunum 
or jpper ileum, an anastomosis seemed obligatory In the low ileum, exterior- 
ization might be done with spur formation and later effort at restoration of 
continuity 

(3) Hetma Incarceration or strangulation of intestine brought the occa 
sional hernia into the field of urgent surgery In cases of suspected obstruction, 
a small hernial sac might easily be overlooked In the operation we preferred 
an abdominal approach if there was likelihood of gangrenous gut in a sac 
Relief of the obstruction and adequate management of the gut was the primary 
purpose in such operation, and repair of the hernia, other than closure of the 
internal orifice, was not important Release of the gut and protection of the 
peritoneum from spilling of intestinal contents was more surely to be accom- 
plished by the abdominal route 

The postoperative care of patients recovering from intestinal obstruction 
consisted of suction through the stomach tube while distention or vomiting 
persisted, plus supportive and nutritive treatment The patients were taken 
out of bed within the first 24 hours, or as soon thereafter as possible 

Of our 56 cases of intestinal obstruction, 52 were operated upon, while four 
were received in such condition that operation could not be undertaken 
Twenty-four patients were operated upon within 24 hours of the onset of the 
symptoms, while others were not seen until two, three, four or five days after 
the beginning of obstruction The average duration of symptoms was two days 
These patients averaged 81 years of age The oldest, who made a complete 
recovery, was 102 Forty-seven were markedly arterio-sclerotic and 37 showed 
gross clinical evidence of arteno-sclerotic heart disease Seven had had cere- 
bral accidents (one had suffered two), and five had previous coronary throm- 
bosis Nephritis, cirrhosis, pulmonary tuberculosis, paralysis agitans, central 
nen’-ous system lues, crippling arthritis, prostatism, pyelo-nephritis, carcinoma 
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of the bladder, spinal cord tumor and recent amputation for arterio-sclerotic 
gangrene were some of the preoperative complications 

Twenty-three of the obstructions were due to strangulated hernias, ii to 
cancer of the large bowel, nine to adhesions, five to volvulus, three to foreign 
bodies (one gall stone, one peach stone, one meat bone — ^perforated), one to 
lymphopathia venereum, while the causes of two were never determined 

Operation in 29 instances consisted in reduction of hernia, volvulus, or 
freeing of constricting bands Four small intestine resections were done There 
were ii cecostomies, two colostomies and one ileostomy with exteriorization 
of loop Cyclopropane was the anesthetic used in 22, local in 20, pentothal in 
two, ether in three, and spinal in five There was but one anesthetic death, 
which occurred from aspiration of vomitus m one of the spinal cases Spinal 
anesthesia was administered in some of our earlier cases but we are now 
opposed to Its use in patients of this type 

The mortality was high Twenty-three survived, while 29 died, giving a 
rate of 55 per cent Pneumonitis was responsible for 13 deaths Six succumbed 
to shock, six to cardiac failure, two to peritonitis The patients dying of shock 
or cardiac decompensation succumbed usually within three days Pneumonia 
killed as late as the 54th postoperative day Other late deaths occurred from 
ruptured esophageal varices, cerebral accident and uremia 


Table II 


Preoperative Condition 


Arteno-sclerosis 47 

Arteno-sclerotic 
Heart disease 37 

Cerebral accident 7 

(One had 2) 

Coronary thrombosis S 

Nephritis 12 

Cirrhosis 1 

Urological 

Prostatism 4 

Pyelo-nephntis 2 

Caranoma of bladder 1 

Lues 2 

Decubitus 3 

Arthritis (disabling) 4 

Tuberculosis 2 

Central Nervous System 
Disorders 

Paralysis agitans 4 

Cord tumor 1 

Lues (C N S) 1 


INTESTINAL OBSTRUCTION 

Number 52 Average Age 81 


Cause 

Hernia 23 

Inguinal 1 1 

Femoral 5 

Incisional 2 

Umbilical 5 

Adhesions 9 

Volvulus 5 

Neoplasm of colon 11 

Foreign body 3 

(Gall stone 1) 

(Peach stone 1) 

(Meat bone 1) 

Lymphopathia 1 

Undetermined 2 

Duration 

Average 2 days 

Less than 24 hours 24 

Operation 

Reduction 29 

Resection 4 

Cecostomy 11 

Colostomy 2 

Ileostomy 1 

Exploration 2 

Enterotomy 3 


(Removal of foreign bodies) 
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Anesthesia 

Local 20 

Cyclopropane 22 

Pentothal 2 

Ether 3 

Spinal S 

Postoperative Complications 
Pneumonia 1 7 

Pentomtis 2 

Shock 7 

Cause of Death 

Pneumonia 13 

Shock 6 

Peritonitis 2 

Uremia 1 

Cardiac failure 6 

Cerebral accident 1 

Aspirated vomitus (anesthetic 
accident — spinal) 1 

Ruptured esophogeal vanx 1 

Result 

Recovered 23 

Died 30 

Rate 55 % 

Day of death (a\ erage) 4 
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The one best guide to piognosis was found to be the physical status of the 
patient at the time of his obstructive accident and the nature and degree of his 
pre-existing ailments This observation corresponds with the conclusion of 
Brooks/® who noted that a high percentage of deaths m old people after 
operation occurred late and were due to pre-existing degenerative diseases 

APPENDICITIS 

Acute appendicitis occuired onl}^ five times in 204 cases (According to 
van FriedenfeldU® only 7 2 per cent of all appendicitis occurs m patients over 
50 ) Its behaviour was likely to be atypical, leading to difficulty in diagnosis 
After a few houis of vague abdominal discomfort, without localizing signs, 
theie might appear evidence of peritonitis and at operation a ruptuied appen- 
dix be found Or where a palpable right lower quadiant abscess was found, 
one might elicit the story of an episode of “indigestion” or “stomach ache” a 
numbei of da)S previously In consequence, the diagnosis was often delayed 
We noted as did de Tainowsky,^^ the vague nature of the onset and develop- 
ment of appendicitis m old patients, and the fiequent and eaily occurrence of 
gangrene We have felt it impoitant to pay strict attention to the older 
patients’ complaint of abdominal pain and to watch uith caie the blood count, 
the temperatuie, and paiticulaily the pulse late The abdominal physical signs 
we have frequently found to be undependable or misleading 

For appendectomy we pieferied the intei muscular right lower quadiant 
incision Since the peritoneum in old people seems less capable of handling an 
infective insult than in the young, ne have been guided by Blake’s dictum 
“When m doubt — diain,” even with the help of the antibiotics In localized 
abscess, incision and diainage, prefeiably with local anesthesia, seemed 
sufficient 

In seven )'eais oui staff opeiated on only eight patients on the diagnosis 
of acute appendicitis The diagnosis was coriect in four instances and wTong 
in foul One additional case diagnosed as acute intestinal obstruction, proved 
to have a ruptured gangienous appendicitis wnth peiitonitis Thus the diag- 
nosis was accuiate only four times m nine cases Of the four cases incorrectly 
diagnosed as appendicitis, one had a massive perinephiic abscess, one a per- 
forated gangrenous diverticulitis of the sigmoid colon, one caicinoma of the 
cecum, peifoiated, W'lth abscess, and one piesumably a gastro-enteiitis, since 
no pathology was found The first twm succumbed to sepsis Of the latter two, 
one survived to die of aheady established metastases two months latei and the 
other lived for three )''ears, eventuall)'^ to die of a cerebral- vascular accident 
Of the four cases coi rectly diagnosed and operated upon, tin ee had ah eady 
suffered perforation although their active symptoms w ere of but a da)f’s dura- 
tion or less One patient wnth a four-day history of vague abdominal pain was 
found to have a w ell-developed abscess This patient succumbed to peritonitis, 
as did the patient incorrectly diagnosed as intestinal obstiuction The other 
three sunnved Mortality, 40 per cent 
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Number 5 


Preoperatu e Condition 


Arterio sclerosis 3 

Diabetes 1 

A S H D 2 

Nephritis 1 

Parab sis agitans I 

Sj mptoms 

Pain 4 

Vomiting 3 

Constipation 1 

Fever 4 

Average Duration of Symptoms 
Dajs 2 


Tabpe III 
ACUTE appendicitis 
Average Age 71 
Diagnosis 

Correct 4 

Incorrect 1 

Operation 

Incision and drainage of abscess 2 


Appendectomj 2 

Incorrect diagnosis 1 

Anesthesia 

Ether 1 

Cyclopropane 2 

Cj clopropane and local 1 

Local and pentothal 1 


Postoperativ e Complications 


Peritonitis 2 

Shock 1 

Cause of Death 

Pentomtis 2 

(1 day and 9 dajs) 

Result 

Recovered 3 

Died 2 


Mortalitj rate 40% 


ACUTE CHOLECYSTITIS 

Infections and obstructions of the biliar)' tract presented some of the most 
difficult and dangerous problems found in the old age group Of the patient of 
70 or 80 w ith an acute cholecystitis oi obstruction of the common duct, it may 
be assumed that cholecystitis has existed in chronic foim for years and that 
the liver has suffered commensurate damage 

Our cases demanding urgent surgery for lesions of the biliary system num- 
bered 34 Their average age vas 73 Twenty-seven had advanced arterio- 
sclerosis, while 19 had symptomatic artei lo-sclerotic heart disease Fouiteen 
suffered from nephritis, three had suffered cerebral accidents, and thiee had 
had coronary occlusions Three manifested chronic pyelonephritis, while 
among the other or associated disabilities w^ere central nervous system lues, 
miliary tuberculosis, amyotrophic lateral sclerosis, diabetes and paralysis 
agitans 

Quigley,^® reporting on biliary disease in patients wdio averaged 69 years 
of age, noted that his ward patients presented poorer suigical risks than did his 
private patients He ascribed this difference to poorer economic status and 
earlier deterioiation in the former, as well as to delayed hospitalization Of 
his 100 patients, five were operated upon for acute cholecystitis and one 
survived 

The cases m our group rapidly became profoundly ill with the onset of 
acute gallbladder inflammation or with the sudden occlusion of the common 
duct More than once we have been puzzled to differentiate betw'een acute 
cholecystitis or biliary colic and a coronary infarction The patients’ condition 
deteriorated so rapidly as the result of infection, pain and dehydration that 
delai m undertaking operation greatly enhanced the risk Jaundice w'as not 
well tolerated 

Fifteen patients m this group manifested jaundice as a result of occlusion 
of the common duct, and six of them had concurrent cholecystitis Common 
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duct exploration and drainage alone was performed in two cases, and common 
duct drainage with cholecystostomy in three All succumbed Cholecystostomy 
alone was done three times for obstructive jaundice, with one survival Chole- 
cystgastrostomy for obstructing cancer was performed twice, with one death 
and one early survival Common duct drainage with cholecystectomy was 
done five times, twice successfully Thus, ii of 15 patients presenting obstruc- 
tion of the common duct with rapidly advancing jaundice were lost Hemor- 
rhage was not a factor in this mortality due, it is believed, to liberal admin- 
istration of vitamin K 

Acute cholecystitis without evidence of common duct obstruction also pro- 
gressed rapidly Seven of 19 such cases were found to have perforated, four of 
them within 48 hours of the onset of the attack, indicating the need for early 
operation The four cases of early perforation all died 

When confronted with acute cholecystitis in an old and enfeebled individual, 
it would seem to be good judgment to perform a simple cholecystostomy, pref- 
erably under local anesthesia This policy was pursued with our patients at 
first Of ten patients for whom cholecystostomies were performed, four recov- 
ered and SIX died Two of the six deaths were due to peritonitis, which in both 
instances was found present at operation, due to perforation (The other four 
deaths were ascribed to cerebral accidents, pneumonia and heart failure) 
Later, influenced by the trend to cholecystectomy, we performed nine cholecys- 
tectomies for acute cholecystitis, with or without gangrene, and of these, five 
patients recovered and four died, two of peritonitis which was present at 
operation 

With cholecystectomy showing a 44 per cent mortality as against a 66 per 
cent mortality for cholecystostomy m old patients with acute cholecystitis, 
removal of the gallbladder would seem to be the operation of choice But such 
a conclusion fails to take into account the patient’s coincidental ailments 
Where cholecystostomy was done, it was usually because the surgeon did not 
dare to do the preferred cholecystectomy because of the patient’s condition In 
both cholecystectomy and cholecystostomy, already established peritonitis 
accounted for roughly half of the deaths and removal of the gallbladder gave 
but little advantage in this one particular for which its added risk would seem 
to justify it as an emergency measure 

Of the total of 34 operated cases, 13 recovered and 21 died, giving a mor- 
tality rate of 62 per cent Four deaths were due to peritonitis, six to pneu- 
monia, SIX to cardiac decompensation or coronary infarction There was one 
death each from cerebral accident, parotitis, mitltiple liver abscesses, gas bacil- 
lus septicemia and exacerbation of chronic osteomyelitis of the femur The 
average length of survival of those who died was to the 25th postoperative day 
It IS assumed that the four surviving cases of carcinoma died later 

Delay in determining the cause of jaundice and reluctance to undertake 
surgical measures for its relief because of the grave risk involved has, we 
believe, worked to the disadvantage of some of our patients It was difficult 
to decide when the time spent in preparation of the patient for operation began 
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to run against him in view of the rapidly increasing deleterious effects of 
jaundice and inflammation 


Table IV 

ACUTE CHOLECTSTITIS AKD COMMON DUCT OBSTRUCTION 
Cases 34 Average Age 73 




(Minimum 61 Maximum 

91) 



Preoperative Condition 


Day of Operation 


Cause of Death 


Arterio-sclerosis 

27 

Cholecystitis (av ) 

3 

Pentomtis 

4 

A S H D 

19 

Obstructed duct (av ) 

10 

Pneumonia 

6 

Diabetes 

1 



Cardiac failure or coronary 

6 

Pyelonephritis 

3 

Anesthesia 


Cerebral accident 

1 

Nephntis 

14 

Cyclopropane 

22 

Other causes 

I 

Cerebral accident 

3 

Local 

11 

Parotitis 

Coronary accident 

3 

(Local with pentothal, 1) 


Liver abscesses 

1 

Valvular H D 

1 

Ether 

1 

Gas bacillus septicemia 

1 

Tbc (miliary) 

1 


Septic fractured hip (pinned) 1 

C N S Lues 

1 



(Late deaths carcinoma, 4) 

Amyotrophic lateral sclerosis 

1 





Paralysis agitans 

1 



Death on postoperative day 






(av) 

25 

Operative Condition 






Cholecystitis 

19 



Result 


(Perforated or gangrenous, 7) 



Recovered 

13 

Obstructed common duct 

IS 



Died 

21 

(6 with cholecystitis) 




Total mortality rate 

62% 

Biliary caranoma 

S 



Cholecystitis 

50% 

Biliary stone 

10 



Obstructed duct 

73% 


ACXJTE INFECTIONS 

Miscellaneous infections provided another group of emergencies requiring 
treatment regardless of the patient’s age Their management followed estab- 
lished principles of surgical procedure Prompt and adequate drainage seemed 
to be even more urgent than in the younger age groups because of its rapidly 
damaging effect upon old and poorly vascularized tissues and because of poor 
systemic resistance 

The liberal and intensive use of the antibiotics in recent years has not 
succeeded in avoiding surgery for the control of local infective processes in 
these patients 

It was interesting to note the high incidence of septic arthritis occurring 
in this group Apparently of hematogenous origin and without evidence of 
marked arthritis or of injury, this infection occurred nine times m our 36 
cases The shoulder joint was involved seven times, the hip once, and the 
elbow once Ischio-rectal abscess occurred in eight cases The other infections 
were scattered 

The physical status of the patients and the nature and seventy of intercur- 
rent disease were more important in their response to treatment and in the 
outcome than was age alone The diabetics presented the most trying prob- 
lems Continuing or uncontrolled sepsis vas the most common cause of 
death The total mortality was 21 per cent 
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Preoperativ e Condition 
Arteno sclerosis 30 

Diabetes 6 

Arteno sclerotic heart disease IS 
Nephritis 9 

Coronary disease 1 

Cerebral hemorrhage 2 

Prostatism 2 

Paralysis agitans 2 

Pneumonia 2 

Fractured femur 2 

Cirrhosis 1 

Decub tus 3 

Pyelonephritis 1 


Table V 

ACUTE INFECTIONS 

Cases 36 Average Age 73 
Site of Infection 


Septic arthritis 9 

Ischio rectal 8 

Carbuncles 3 

(Neck — 1) 

(Back— 2) 

Cellulitis 1 1 


(Toe — 2) 

(Finger — 2) 

(Hand — 2) 

(Foot — 3) 

(Buttock 1) 

(Sacrum — 1) 


Empyema 2 

Perinephric abscess 1 

Ludwig s angina 1 

Gangrenous ulcer 1 

(Microaerophihc) 


Operation 

Drainage 33 

No operation (died) 3 


Anesthesia 

Vinethene 1 

Local 9 

Pentothal 3 

Cyclopropane 19 

Ether 1 

Postoperative Complications 
Pneumonia 2 

Sepsis S 

Cause of Death 

Pneumonia 2 

Sepsis S 

Day of Death 

Operated Cases (av ) 8 

Results 

Recovered 26 

Died 7 

Mortality rate (operated 
cases) 21% 


SUMMARY 

Average 



Age 

Number 

Recovered 

Died 

Percent 

Amputations 

72 

63 

40 

25 

38 

Obstructions 

81 

52 

23 

29 

55 

Appendicitis 

71 

c 

3 

2 

40 

Biliary 

73 

34 

13 

21 

62 

Infections 

73 

32 

25 

7 

21 

Total 

74 

188 

104 

84 

44 


CONCLUSIONS 

1 Among old people sufFeiing from chiomc or degenerative disease, there 
occasionally occur suigical emergencies which urgently lequire operation to 
save life 

2 One hundred eighty-eight indigent patients of average age 74 were 
operated upon for surgical emergencies at the Goldwater Memorial Hospital 
in a seven-year period These conditions consisted of gangiene of the extrem- 
ities, intestinal obstructions, inflanunations and obstructions of the biliary sys- 
tem, appendicitis, and various infections 

3 Such conditions often presented difficulties of diagnosis which delated 
their recognition 

4 These patients presented poor operative risks and required maximum 
preoperatn e supportl^ e and preparatory treatment Such measures could not 
always be pursued to the desired extent without unduly delaying surgical 
relief 
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5 Opeiations weie designed to meet the enieigency with the least injury 
and shock to the patient 

6 Geneial anesthesia, pioperly chosen and administered, was well toler- 
ated by such patients 

7 The postoperative peiiod lequired attentive nursing and supportive and 
piotective measures, including tiansfusions, the antibiotics, adequate alimenta- 
tion, and minimum confinement to bed 

8 The mortality late was 44 per cent The pieexistmg ailments of the 
patients weie the gieatest factor in this moitahty 

9 Pneumonia was the major cause of death (34 per cent of deaths) 
Forty-nine per cent of the pulmonary complications began ten days or more 
after operation 

10 Complications not directly attributable to the operation or to the 
emeigency for which it was pei formed, accounted for about half of the deaths 

11 Prompt treatment may save well over half of the victims of acute 
surgical emergencies in old and chronically ill people 
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Discussion— Dr Frederic W Bancroft, New York I have had the opportunity 
to read Doctor Cutler’s report in full and in many ways I am sorry that he has had to cut 
the contents of this report in order to stay within the time limit allowed for reading 
the paper 

In 1930, of a total population of 123 million, 14 million reached the ages of 50 to 64 
and 6,600,000 were 65 or over It has been estimated that by 1980 we will have 25 million 
people over 65 years of age 
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It IS obvious that we must realize the importance of surgery m the older age groups 
I agree with Doctor Cutler that m the older age groups, after affecting hydration and 
with the necessary blood for replacement at hand, delay for refinements m diagnosis may 
lose a patient Immediate surgery is often the sine qua non Also, I agree with him that 
early mobilization is particularly urgent m the aged Twenty years ago while at the 
Lincoln Hospital, I got older people out of bed on their fourth or fifth postoperative day 
m order to decrease the incidence of pulmonary complications 

In the short time given to me, I am going to confine most of my remarks to mid-thigh 
amputations My experience at the City Hospital makes me disagree with Doctor Cutler 
m the type of mid-thigh amputation he advocates Our mortality in diabetic and arterio- 
sclerotic gangrene with muscle-cut amputations was distressing We were using the mid- 
thigh muscle flap technic At the same time, I was impressed with the better results 
being obtained at the Veterans Hospital in the same type of case by a modification of the 
Callander operation as devised by Dr Allen Fuller, Chief Surgeon at the Veterans 
Hospital 

As this amputation embodies certain fundamental surgical principles, I should like 
to describe briefly his operation A circular incision is made just distal to the patella 
Immediately towel clamps are applied to the skin and deep fascia as the incision is made 
around the entire circumference This procedure prevents the separation of the delicate 
areolar tissue which connects skin and fascia and protects the circulation of both These 
clamps are kept on during the entire operation After the external hamstrings are 
severed, a finger is passed between the popliteal vessels and the posterior surface of the 
knee joint A tape is passed blindly around these vessels and securely tied The patella is 
excised and the femur is hugged cjosely, pushing the muscles upward until they have 
been separated for a distance of six or eight inches above the condyles The femur is then 
sawed through with a Gigh saw and the leg is removed Then the muscles with the 
attached skin and fascia are allowed to drop over the end of the femur, the tape is 
removed and individual vessels are separately tied and the sciatic nerve is appropriately 
treated The fascia and skin may then be united without tension 

Tables I and II show the decrease m mortality at the City Hospital and at the 
Veterans Hospital with this type of procedure 


Table I 

AMPUTATIONS ABOVE THE KNEE 


City Hospital 


Amputations 

Deaths 

Previous to 1937 


57 

31 

1938-1941 



63 

39 

Sleeve amputations 


13 

4 

Sleeve amputations plus 

refrigeration 

13 

2 

Veterans Hospital 





Sleeve amputations 


33 

8 



Table II 





MORTALITY — VETERANS HOSPITAL 


Total 103 Cases 


Days 1-10 

10-30 

Over 30 

Below Knee 

60 

10% 

4% 

0% 

Knee 

33 

18% 

3% 

3% 

Mid Thigh 

10 

10% 

0% 

20% 


Mortahtj rate, 103 cases 

19 deaths — 

— 18% 


A%erage age all patients 


50 


A^erage age all deaths 


59 
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Mortality 

Percentage 

54 4 
62 

33 4 
15 4 

24 


Total Per Cent 

14% 

24% 

2 , 0 % 
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Tables I and II show the decrease m mortality with the Fuller type of sleeve ampu- 
tation at the lower thigh 

If time permits, I should like to state briefly some work that has been done by Ned 
Schnayerson at Welfare Island to decrease the number of amputations m the older age 
group He has taken arteriograms of people with intermittent claudication and found 
that often there are blocked segments of the femoral or popliteal arteries He considers 
these blocked segments to act as nerve stimuli creating venospasm By excising these 
segments and being careful not to interfere with the collateral circulation, he has had 
some astonishing results One patient who could walk only two blocks is now walking 
eight miles Minor amputations have been done with satisfactory healing 

Dr Condict W Cutler, Jr, New York (closing) I am very much indebted to 
Doctor Bancroft for his discussion He understands our problems so well, having worked 
in the same general line for many years, and recognizes the difficulties that confront us 
in aged patients The observations he has made concerning amputations I think are 
particularly helpful, and we should be encouraged toward less radicalism if it were not 
for two facts the vessels and tissues in the lower third of the thigh, especially where 
diabetes is present, are likely to be already involved m the sepsis , and m arteriosclerosis, 
where the vessels are already occluded at that level, one may not do an amputation 
with the hope of securing adequate circulation in the stump We have done the Callander 
amputation and also the sleeve-type modification Of four cases one required reamputa- 
tion because of sepsis Two were done below the knee and one developed gas infection 
and required reamputation Fifty-six guillotine amputations were done In 46 there was 
suture of the muscles and skin , 30 suppurated, 2 with gas infection In 16 the skin alone 
was sutured and six suppurated That discouraged us from thinking we could safely 
perform either flap or Callander operations in the septic cases 

Our patients requiring emergency amputation averaged 72 years of age In the 25 
who died, four died of conditions directly attributable to operation , three of shock, one of 
sepsis The others died for the most part of pneumonia or from unrelated causes which 
resulted in death up to a month after operation 

In this report we have not attempted to adjust the mortality figures in our favor 
It must be recognized that a good many patients would not have died had they not 
required operation, and it seemed unfair to excuse the deaths on the basis of pre-existing 
disease So we have accepted responsibility for the deaths as long as the patients were 
m the hospital and under our care We hope to be able to do better, but I think it is 
right to face the issue squarely and recognize that in the chronically ill aged patient, 
particularly in surgical emergencies, we do have a problem of considerable and 
increasing magnitude 
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Alexander Brunschwig, M D ,** and Paul W Schafer, M D J 
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The occurrence or multiple visceral neoplasms is of interest because 
of the implications in regard to etiolog}' Several collective reviews have 
appeared in the htei ature m recent yeai s^ ® based for the most part upon 
necropsy findings In view of the increased efficiency in the surgical tieatment 
of neoplasms which has lesulted in a greater incidence of prolonged survival 
following the treatment of one growth, the question of multiple neoplasms 
occurring simultaneously or developing successively assumes added clinical 
importance 

The following discussion is based upon a clinical experience with nine 
patients presenting multiple symptom pioducing visceral neoplasms They 
have been classified into three groups A Those with multiple tumois closely 
situated to one another and producing symptoms clinically accountable by one 
growth In these patients the multiplicity of the growths was discovered only 
at operation or upon study of the pathologic specimens B Those with two 
tumors rather widely separated and manifesting simultaneously the symptoma- 
tolog}' of two separate growths C Those in whom one growth was excised 
to be followed latei by the development of a second independent growth, which 
in turn was also resected 


CASE REPORTS 
Group A 

Case 1 (Fig lA) — F O , male, 59 years old, admitted June 27, 1945, complaining 
of epigastric pain aggravated by eating, and vomiting, three months, loss of 15 pounds 
weight during the same period Roentgenograms revealed "an obstructing lesion in the 
pjlorus, 3 to 4 cm proximal to the duodenal bulb” Gastroscopic examination revealed 
an ulcerating polypoid mass as far as the angelus — impression, carcinoma 

On July 3, 1945, laparotomy was performed and a typical carcinomatous process 
discovered in the lower stomach Palpation of the first segment of duodenum revealed a 
small rounded bcggy mass that seemed to extend backward into the stomach Radical 
gastrectomy including the first segment of duodenum was earned out and a Polya type of 
gastrojejunostomy performed 

Study of the opened stomach showed a fiat carcinomatous ulcer 5 cm in diameter in 
the pre-pyloric region, beyond this was a yellowish rounded mass i 5 cm in diameter 
attached by a narrow base to the mucosa just proximal to the sphincter The most pro- 
truding portion of the mass projected through the sphincter itself into the first segment 
of duodenum This was obviously a pedunculated lipoma producing a ball-valve stoppage 
at the pv lorus Histologic examination confirmed the carcinomatous nature of the former 

* Aided by the Charles H and Mary F S Worcester Fund, Univ of Chicago 

** Attending surgeon, Memorial Hospital, New York City 

T Read before tlie Meeting of the American Surgical Association, March 25-27, 1947, 
Hot Springs, Ya 

t Now in Dept of Surgery Univ of Kansas College of Medicine, Kansas City, Kan 
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lesion and the fact that the latter growth was a lipoma One year and six months after 
operation, the patient remains well (Case previously cited) 

Case 2 (Fig iB)— F Z, white male, age 46, admitted January 29, 1945, com- 
plaining of vomiting of “heavy foods” during previous five weeks, epigastric "fullness” 
for seven weeks and 25 pounds loss m weight for six months Roentgenographic exam- 
ination of the stomach revealed “ulcerating polypoid neoplasm of the gastric antrum ” 
Celiotomy was performed Feb 5 i I 945 » at which time what appeared to be a large 
infiltrating carcinoma was encountered m the pylorus with infiltration into the transverse 



Fig I — Diagrams of multiple visceral neoplasms manifesting themselves 
clinically as one growth 

A Case i L, pedunculated lipoma in pylorus, C, carcinoma in pre- 
pyloric region The former might well have produced obstructive symptoms 
B Case 2 C', scirrhous carcinoma in pylorus, P, papilloma in pre- 
pyloric region, C", ulcerating carcinoma proximal to the latter M, metas- 
tases in transverse meso-colon and about the superior mesenteric vessels 
C Case 3 C' and C", two separate primary carcinomas in pelvic colon 
Patient 83 years of age at time of successful resection 

meso-colon almost to the colon itself and with metastases to lymph nodes about the 
superior mesenteric vessels A radical gastrectomy with resection of most of the trans- 
\erse colon and its mesenter3 together with the metastatic nodes about the superior 
mesenteric vessels was carried out Fol^^a gastro-jejunostomy and double barrel colostomy 
The latter w'as closed four weeks later 
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Study of the surgical specimen (stomach) when opened revealed three separate 
neoplasms along the greater curvature (Fig 2) The first, a scirrhous carcinoma pre- 
sented as a flat ulceration 2 5 cm in diameter just proximal to the pyloric sphincter 
Two cm proximal to this was a benign papilloma with small base The lesion measured 
35 cm in greatest diameter Separated from the base of the papilloma by 5 cm of 
normal mucosa was a second carcinomatous ulcer with raised rolled edges measuring 
65 cm in diameter There were many metastatic nodes The patient did well and 



Fig 2 — Photograph of surgical specimen consisting of opened resected 
lower three-fourths of stomach exhibiting three separate neoplasms C 
scirrhous carcinoma in pylorus, P, pedunculated papilloma, U, ulcerating 
carcinoma Study of the specimen revealed small areas of normal uninvolved 
gastric wall between each of these lesions N, portion of metastatic nodes 
removed from about the superior mesenteric vessels The transverse colon 
and meso-colon were also resected because of secondary involvement but are 
not shown in the photograph The patient lived for one year to receive 
palliation for most of this period 


returned to work for se\ eral months However, in Dec 1945, there was severe back pain 
and dyspepsia He was finally readmitted to the hospital and died Jan 27, 1946, necropsy 
revealmg carcinomatosis 

Case 3 (Fig iC) — J F , white male, 83 years of age, admitted Aug 10, 1945, 
complaining of sei ere constipation and tarry stools for one year , bleeding from rectum 
and pain m the rectum for six months On rectal examination a polypoid carcinomatous 
mass was palpated at the tip of the finger 

Cehotomj a\as performed on Aug 18, 1945, because no metastases were palpated, 
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a typical combined abdomino-penneal resection was performed Study of the 30 cm of 
lower colon removed showed two separate raised, circular ulcerating carcinomas, one 
8 cm above the anus and one 6 cm above the first growth The lower one measured 
3 cm in diameter, the upper one 6 cm in diameter Sections showed metastases in one 
of eight lymph nodes examined 

Sept 1947, two years and one month after operation, the patient is well and 
normally active 


Group B 

Case 4 . (Fig 3 A) — N , male, 58 years, admitted May 25, 1946, complaining ot 
difficulty in swallowing, especially solid foods, for the past three months, loss of 15 
pounds in weight during the previous four months , gas on stomach following ingestion 
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Fig 3 — Diagrams of multiple visceral neoplasms manifesting them- 
selves simultaneously as two separate growths 

A Case 4 E, carcinoma of lower third of esophagus and S, carci- 
noma on lesser curvature of the stomach 

B Case 5 S, carcinoma involving the major portion of the stomach 
C, carcinoma of the pelvic colon 

C Case 6 L, carcinoma of the larynx, E, carcinoma at the cardio- 
esophageal junction 


of certain foods, for the past one and one-half years Roentgenographic examination 
revealed a small partially obstructing neoplasm in the lower esophagus 

On May 31, 1946, a left thoracotomy was performed removing the 8th rib A carci- 
noma was found in the mid-portion of the lower half of the esophagus measuring about 
8 cm in length When the diaphragm was incised for mobilization of the stomach and 
the latter brought upward a small firm lesion was discovered on the lesser curvature The 
stomach was opened and the latter observed to be a sharply penetrating ulceration It 
was excised by elliptical incisions and the stomach repaired The lower 2/5 of the 
esophagus and upper fourth of the stomach were then resected, the stomach closed and 
brought upward for esophago-gastrostomy by the usual method 

Histologic study revealed the esophageal lesion to be a squamous cell carcinoma 
Sections of the gastric lesion revealed it to be an adenocarcinoma Sections of the small 
mass from the liver revealed it to be a focus of necrosis with inflammatory reaction No 
evidence of neoplasm was here observed 

Convalescence was uneientful and he was discharged on the 12th day postoperative 
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Case S (Fig 3B)— M W, white male 62 years of age, admitted April 24, 194S, 
complaining of loss of 10 or 15 pounds in weight during the previous three months, 
increasing constipation for the past three years, and a feeling of fullness in the epigastrium 
of 4-5 months duration Roentgenographic examination of the stomach revealed “one 
and possibly two ulcers almost certainly due to neoplastic involvement” Proctoscopic 
examination revealed an ulcerating polypoid carcinoma at 10 cm distance 

On April 28, 1945, an upper abdominal laparotomy was performed and a large tumor 
mass involving almost the entire lesser curvature of the stomach was found , palpation in 
the pelvis revealed a firm neoplastic mass in the rectal colon below the peritoneal reflec- 
tion No lymph node or hepatic metastases were found in the upper or lower abdomen A 
total gastrectomy was performed Histologic study confirmed the presence of adenocar- 
cinoma Following satisfactory recovery from this procedure, a one stage combined 
abdominoperineal resection was earned out on May 24, 1945, with removal of the terminal 
24 cm of colon In the lower portion an o\ al carcinoma 3 x 2 cm was present Histologic 
study confirmed the diagnosis of adenocarcinoma and sections from three lymph nodes 
failed to reveal metastases Convalescence Avas again satisfactory except for symptoms of 
prostatism On June 22, 1945, a transurethral electro-resection was done by Dr W W 
Scott He was finally discharged on July 14, i945 In January, 1947, one year and 
nine months after operation, the patient is well and normally active, but there is a small 
fistula at the site of the perineal wound (no evidence of recurrences) The appetite is good 

Case 6 (Fig 3C) — N I , Japanese male, 63 years of age In June, 1946, the patient 
experienced epigastric pain related to the swallowing of solid foods and later induced 
even by the swallowing of soft foods There was also hoarseness said to exist for “three 
or four years” Laryngoscopic examination m August, 1946, revealed a carcinoma of the 
right true vocal cord Histologic study of a biopsy confirmed the diagnosis He received 
irradiation therapy to the larynx at the Chicago Tumor Institute under direction of 
Dr Max Cutler The laryngeal neoplasm subsequently resorbed completeh On Oct 2, 
1946, he was admitted to the University of Chicago Clinics where roentgenographic 
studies revealed a lesion tjpical of carcinoma at the cardioesophageal junction 

On Oct 8, 1946, a left transthoracic cardioesophagectomy was performed removing 
the lower third of the esophagus and upper fourth of the stomach together with the con- 
tiguous portions of the diaphragm because of invasion by tumor The stomach was 
brought upward into the mediastinum and esophago-gastrostomy performed The imme- 
diate postoperative condition was satisfactory but the patient expired suddenly on the 
afternoon of the third day Necropsy revealed no adequate explanation for death There 
was no hemorrhage, nor evidence of infection Histologic study of the larvngeal biopsy 
and of the lower esophageal growth showed both to be squamous cell carcinomas but 
of different histologic types 


Group C 

Case 7 (Fig 4 A) — A G , white female, age 52 Two years previously a carcinoma 
of the sigmoid had been resected bv the “Mikulicz procedure” in another institution The 
histologic diagnosis was confirmed Admitted Oct 20, 1937, complaining of “several 
sev ere hemorrhages from the bowel ” A barium enema revealed a large spherical smoothly 
outlined filling defect m the right portion of transverse colon just distal to the hepatic 
flexure 

On Oct 25, 1937, laparotoniv was perfoimed and the lesion observed through the 
stretched but intact colon wall It was obviously a hpoma 6 cm in diameter The involved 
segment of colon bearing the tumor was exteriorized, cut away, and the resultant double 
barrel colostomv subsequenth closed During the operation exploration of the liver, upper 
and lower abdomen failed to reveal evidences of metastases 

The patient remains well ten >ears later 
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Case 8. (Fig 4B) — M B , white female, 54 years of age, admitted complaining of 
dull epigastric pain, non-radiating, intermittent and associated with rumbling sounds m 
the abdomen There had been alternating liquid and formed stools — duration of complaints, 
"over two months ” Barium enema revealed, an annular constricting lesion m the cecum 
On Dec 2, 1940, a right hemicolectomy with ileo-transverse colostomy was per- 
formed Convalescence was uneventful for 18 days when a deep right flank abscess was 
discovered and drained and a week later she was discharged 

Study of the surgical specimen which consisted of the right half of the colon revealed 




Fig 4 — Diagrams of multiple carcinomas or benign tumor occurring 
successively and successfully resected 

A Case 7 C, carcinoma of descending colon resected in 1935 , L large 
pedunculated lipoma causing hemorrhage and partial obstruction resected m 
1937 Patient well m 1947 

B Case 8 C', carcinoma of ascending colon resected in 1940 Well until 
1946 when because of obstruction was re-operated upon and found to have 
what was apparently another primary growth near splenic flexure C", and 
also liver metastases Jan 1947, alive but has deteriorated due to advancing 
carcinoma 

C Case 9 P, large carcinoma of papilla of Vater with regional lymph 
node metastases resected in May, 1943 C, carcinoma of ascending colon 
with regional lymph node metastases resected in November, 1945 March, 
1947, patient well and returned to usual occupation 



an annular carcinoma 4 cm in width in the cecum Histologic study showed metastases 
in two of 13 nodes examined 

The general condition remained satisfactory until Aug 9, 1946, at which time she 
was admitted to the Woodlawn Hospital (Chicago) under the care of Dr H P Jenkins, 
complaining of abdominal pam, nausea and vomiting of five days duration Barium enema 
re\ealed some evidence of constriction m the colon near the splenic flexure The abdomen 
was decompressed with the Miller-Abbott tube and the patient discharged She was read- 
mitted as above on Sept 8 , 1946, after repeated attacks of obstruction at home 

Celiotomy was performed (Doctor Jenkins) on Sept I2, 1946 Many adhesions were 
encountered , a tumor mass was palpated m the transverse colon near the splenic flexure 
There were numerous metastases throughout both lobes of the liver The area of the 
ileo-transverse colostomy was identified The remaining portion of transverse colon bear- 
ing tumor vas evtcrionred and later resected with closure of the colostomy She was 
discharged with colostomj closed 

Pathologic study of the specimen showed a pnmary carcinoma in the left portion of 
the transverse colon a short distance proximal to the splenic flexure 

Case 9 (Fig 4C)— N G , white male, age S3, admitted April 4, 1943 complaining 
of icterus of varying sevent), two months duration, mi constipation, noticeably aggra- 
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vated in the previous eight months Roentgenographic examination showed a papilloma- 
tous growth in the region of the papilla of Vater On May 17, 1943 , a one-stage pan- 
creatoduodenectomy was performed for excision of a large papillary carcinoma of the 
ampulla with regional lymph node metastases One metastatic node was high in the porta 
hepatis over the junction of cystic duct with common duct Convalescence was satisfactory 
and following discharge he returned to work 

By November, 1945, there was again loss in weight and discomfort in the right 
abdomen A questionable mass was palpated deep in the right flank In February, 1946, 
this finding had become definite and he was readmitted to the hospital where another 
laparotomy was performed on March 6, 1946 The upper abdomen and liver exhibited no 
metastases A cirrhosis of the liver noted at the first operation was now seen to be more 
pronounced In the mid-portion of the ascending colon there was a papillary carcinoma 
about 4 cm in diameter with obvious lymph node metastasis in the corresponding mesen- 
tery A right hemicolectomy was uneventful and the patient returned to his usual occu- 
pation He IS well one year and six months after the second operation and 4 years and 
6 months after the initial operation 


DISCUSSION 

The colon is a relatively common site for multiple malignant tumors in the 
abdominal viscera In a review of 726 histologically verified cases from the 
University of Rochester, N Y , senes Mider found 21 instances of multiple 
malignant growths in the colon There were four instances in which the 
neoplasms manifested themselves successively, two died, and two survived 
One of the latter presented a neoplasm at the splenic flexure in 1938, and m 
1942 had carcinomas in the rectum and descending colon respectively He 
remains well three years after the last operation The other patient, a female, 
presented a carcinoma of the cecum in 1928 and one in the transverse colon 
in 1929 She IS apparently w^ell 16 years later, after resection 

There were nine cases of multiple malignant neoplasms present synchro- 
nously in the colon and surviving eight to 78 months after resection 

Slaughter, in an excellent collective review of the whole subject of mul- 
tiplicity of ongin of malignant tumors, also noted that, with the exception of 
the skin, the colon was by far the most frequently involved of all the organs 
In the series reported above, the stomach was the site of multiple neo- 
plasms in tw'o instances , the colon in three instances , the larynx and esophagus 
in one instance, the esophagus and stomach in one instance, the stomach and 
colon in one instance, the papilla of Vater and colon in one instance All 
lesions ivere not malignant In two instances one of the stomach was benign 
and in one instance one of the colon lesions was benign, but in two of these the 
benign lesions produced symptoms 

The classical teaching is to ascribe as often as possible, all symptomatology 
to one pathologic process In the case of neoplasms, especially malignant, 
recurrence of sj mptomatologj' in the great majority of instances is due to recur- 
rence of the neoplasm and/or its metastases However, sufficient data has now 
been published to indicate that the multiplicity of neoplasms producing symp- 
toms s3mchronousl\ or successively as they develop, is not an extreme rarity 
and m tlie follow-up of patients having had one neoplasm resected this possi- 
bility IS to be borne in mind 
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StTMMABY 

The case histones of nine patients are reviewed in which there was multi- 
plicity of malignant or benign symptom producing neoplasms of various vis- 
cera The details of management are discussed 
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A Safe, Simple, One-Layer Silk Anastomosis 
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A REVIEW OF THE LITERATURE On the management of lecurnng, ine- 
ducible, and gangrenous intussusceptions otters little evidence of a satis- 
factory solution of the problem Wangensteen’s review indicates that to the time 
of publication (1942) no senes of cases of resection had been reported with- 
out very high mortality Other methods have also been employed, such as the 
short-circuiting procedures of Rutherford and of Montgomery, or the cutting 
of the intussuscipiens b)'^ Brown, but most authors seem to favor exterioriza- 
tion Of primary anastomoses, the case of Dowd is among the earliest suc- 
cesses, but the experience of Perrin and Lindsay with nine survivors in 29 
attempts and of Hipsle}' with none surviving is moie usual 

Success in a case of gangrenous intussusception m 1940 prompted the 
author to employ resection and primary anastomosis routinely for strangulating 
obstructions Success in other types of cases led to confidence m application 
of the method to more intussusception cases At the University of Minne- 
sota Hospitals, intussusceptions laiely airive m the first 24 houis, and the 
experience theiefore has been that almost 50 percent of these cases have re- 
quiied resection between November 1940 and March i, 1947 

CASES TREATED 

Case 1 — U H #702210, male, age 39 days, was admitted No\ ember 20, 1940, in a 
dehydrated state with a 6o-hour history and findings typical of intussusception The 
abdomen was tympanitic and distended He was transfused and given 100 cc of 09 per 
cent NaCl solution before operation, and was slowly transfused during operation, which 
was done under open ether Through a right low’er rectus incision, an ileocolic intussus- 
ception was identified, and the apex w'as milked back into the ileum, but the lesion could 
not be completelj reduced despite considerable manipulation, efforts were terminated by 
occurrence of a serosal tear The upper margin of the intussuscipiens w'as observed at 
this point to be discolored, edematous, and firmly sealed to the bowel above Exterioriza- 
tion was considered at this point, but the mesoileum was not long enough to permit it 
The imohed area was therefore resected from a point 2 cm above the ileocecal junction 
to a site S cm above the upper margin of the Intussuscipiens and an aseptic, end-to-end 
anastomosis of the Martzloff-Burget tjpc was performed with catgut used for the inter- 
nal laver About one gram of sulfanilamide was implanted, paitlj about the anastomosis 
and partlv in the wound, during catgut closure 

After operation the patient was given 100 per cent oxjgen, nasal gastiic suction, 
and intravenous sulfathiazole for 36 hours Feces were passed at 48 hours and the 

* Read before the Meeting of the American Surgical Association, March 25-27, 1947, 
Hot Springs, Va 
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temperature reached normal at 72 hours Early feeding was cautious, but the patient 
improved rapidly Dismissal ivas delayed until 22 days postoperatively by late develop- 
ment of bronchopneumonia He was last seen four months later, and seemed a normal 
baby at that time 

The specimen presented areas of necrosis, and there was hemorrhagic infiltration 
of the gut wall 

Case 2 — U H #703673, female, age four months, was admitted January 20, 1941, 
with a 2 1 -hour history and findings typical of intussusception After hydration, trans- 
fusion, and ether anesthesia, the intussusceptum was found to have progressed into the 
descending colon, the base of the cecum not being inverted It was manipulated back 
into the terminal ileum , here a necrotic area came into vievv% and perforation occurred 
The mesentery being long, the area was exteriorized ovei a glass rod, using silk abdominal 
closure The double-barreled ileostomy was opened in two days, but the baby had a bout 
of partial obstruction and fever which lasted five days Thereafter, she gradually lost 
weight and strength despite forced feedings and free drainage from the ileostomy After 
vigorous intravenous preparation, the ileostomy was closed, using a Martzloff-Burget 
anastomosis, on February 24th, with implantation of a gram of sulfanilamide She again 
had prolonged postoperative ileus and fever, and did not pass stool until five days later 
Following a bout of pneumonia, she finally recovered, and was dismissed 61 days after 
admission 

She was last seen a month later at which time she was considered normal 

Following the rather precarious course of this patient, it was decided to 
employ primary closed anastomosis on these cases in the future 

Case 3 — U H #714167, male, age n months, was admitted October 31, I 94 i) with 
a 40-hour history After preparation, laparotomy under open ether permitted reduction 
of the apex from the hepatic flexure to a point 25 cm above the ileo-cecal junction Here 
necrotic bowel prompted resection without complete reduction Thirty centimeters was 
resected, and a Martzloff-Burget anastomosis was made using catgut for the inner layer, 
with dusting of 2 Gm of sulfathiazole about the anastomosis * Although old blood was 
passed by rectum within a day, removal of gastric suction was not tolerated until one 
week aftei surgery Dismissed at 26 days, delayed by abscess at site of venesection 

The patient was last seen six weeks later, and was well 

The specimen showed widespread infarction of bowel 

Case 4 — U H #729600, male, age 9 years, was admitted March 9, 1943, with a 
histoiy of blood in the stool at intervals, with cramps, for several months Acute onset 
of severe intermittent cramps began 28 hours before surgery Study showed high small 
bowel obstruction Exploration through a right rectus incision under cyclopropane anes- 
thesia revealed a massive high ileo-ileac intussusception with massive adhesions of the 
margin of the intussuscipiens to the base of the cecum Following considerable reduction, 
manipulation was halted by an irreducible portion containing a mass, and by perforation 
Sixty centimeters of ileum was resected, and Martzloff-Burget anastomosis with catgut 
for the inner row was made, implanting about 50 mg of sulfanilamide between rows, but 
not elsewhere Appendectomy Postoperative course uneventful, with removal of suction 
in four dajs Total hospitalization ii days 

The patient is m good liealth at the present time, without anemia or abdominal 
complaints 

The specimen showed a polyp 6 x 4 cm with a stalk 2 cm in diameter, which 
served as the apex of the intussuscipiens 

* Procedure b> L J Hay, then resident on Surgery and now National Cancer Fellow 
at the University of Minnesota 
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Case S — U H #737486, male, age 43 months, was admitted November 17, 1943 . 
with a history of three days of nausea and vomiting and two days of severe cramps coming 
every 20 to 30 minutes without blood in the stool Films showed gas in the cecum, and 
an erroneous diagnosis of colo-colic intussusception was made Exploration under 
cyclopropane anesthesia showed a mass near the cecum, which reduced easily before it 
could be delivered, the terminal ileum remained edematous, and the junction wide open 
so that a finger could palpate the lumen of the ileum by inversion of the cecal wall 
Several sessile polypoid masses could be felt by this procedure in the last three centimeters 
of ileum 

Five days later, after a smooth course to that time, he developed severe cramps 
more typical of ileac intussusception in that they came every three to five minutes Re- 
exploration through a separate incision Ileo-colic intussusception was easily reduced, 
and the same masses were palpated inside the thickened terminal ileum In the belief 
they had played a part in the development of intussusception, the last ii cm of ileum 
was resected Ileocecal junction closed with silk, and end-to-side anastomosis of ileum to 
ascending colon easily made by Martzloff-Burget plan Appendectomy Silk closure 

Postoperative course uneventful Suction six days Total stay 24 days Patient 
checked and well at six weeks 

The specimen showed a polypoid hyperplasia of a Peyer’s patch about 3 centimeters 
from the ileocecal junction 

Case 6 — H #721360, male, age 24 months, was admitted May 20, 1944, with 
typical findings and a 30-hour story Under cyclopropane anesthesia, the apex of an 
ileocolic intussusception was milked, with considerable manipulation, into the terminal 
ileum When complete reduction had been accomplished, an area of necrosis with hemor- 
rhagic infarction dictated resection of a 15 cm segment some 9 cm above the ileocecal 
junction Oblique, aseptic, end-to-end anastomosis with 180 degree rotation was used 
because of the very small diameter of the bowel (i cm ) A few mg of sulfanilamide 
was implanted between rows, and in closure of abdomen with silk 

Postoperative course uneventful Suction three days, full diet at five days, and home 
in ten days 

The specimen showed extensive gangrene 

Case 7 — U H #746278, female, age seven and one-half months, was admitted July 
29, 1944, with a history of intermittent pain, vomiting, bloody stool beginning five days 
earlier and lasting only 12 hours Thereafter she had taken feedings and had normal 
stools A day later developed fever, anorexia, and then vomiting Admitted with tem- 
perature 104, Hgb S I Gm per cent, pus and casts in urine, and negative abdomen After 
admission she developed severe distention, surgical consultation eight days after onset 
of trouble 

PaUent was explored under cyclopropane anesthesia with diagnosis definite only as 
to high small bowel obstruction Hugely distended ileum precluded exploration until 
aseptic decompression, removing 200 cc gas and 200 cc feces An ileocolic intussuscep- 
tion was reduced easily A second intussusception was found 25 cm higher After reduc- 
tion, a Meckel’s diverticulum was found at the apex It was observed a few minutes 
because of doubtful viability , during this time redevelopment of intussusception at the 
area was seen to be occurring This area was resected and an aseptic, oblique, end-to-end 
anastomosis with 180° rotation was made, with 20 mg sulfanilamide between rows Silk 
closure 

Postoperative course was complicated by separation of a portion of the wound at six 
dajs, with extrusion of a tag of omentum, and drainage Treated conservatively with 
taping because of fear of peritoneal infecUon Suction out at six days Course also com- 
plicated by poor renal function, the blood urea nitrogen level reaching 105 mg per cent 
at five dajs This gradually improved on withdrawal of sulfadiazine There was some 
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abdominal distention at intervals, but she gained weight and strength Hospitalization was 
prolonged for mandehc acid therapy of the urinary infection Total stay 78 days 

The patient returned for hernia repair June 13, 1945, weighing ii 6 kg (18 mo) 
Discharged m apparently excellent condition thereafter 

Case 8 — ^U H #772340, male, age five and one-half months, was admitted October 
27, 1946, with a four-day story and physical findings classical for intussusception Very 
lethargic and dehydrated After hydration and transfusion, the abdomen was opened 
through a right lower quadrant oblique incision under local and cyclopropane anesthesia 
The right colon contained intussusceptum, the base of the cecum and appendix being 
involved, and manipulation failed completely A right hemi-colectomy was therefore per- 
formed, with surprisingly little difficulty, and a single-layer closed silk end-to-end anas- 
tomosis was made between the ileum and the transverse colon Gaseous distention of the 
small bowel was relieved by aspiration of 160 cc of air with silk inversion of the puncture 
site, following which silk closure was easily accomplished 

The postoperative course was smooth Fever disappeared and feedings were easily 
started the same day the nasal gastric tube was removed, 48 hours after surgery The 
total hospital stay was ii days 

Patient was last seen a month later and was doing nicely at that time except for 
occasional stools softer than normal 

The specimen showed the apex of the intussusceptum to be the base of the cecum, 
which was gangrenous * 


THE CHOICE OF PROCEDURE 

Cases requiring resection may at the present time be managed either 
by exteriorization or by resection and primary anastomosis In their book, 
Ladd and Gross favor exteriorization and report seven recoveries in 25 cases 
Gross IS preparing a report at the present time on 10 successive cases treated 
m this fashion, with crushing of the spur early, and closure of the ileostomy 
before serious nutritional disturbances can occur Nine of the 10 cases recov- 
ered, a record which is indeed a milestone m a problem the literature of which 
has heretofore been devoted to failures 

At the University of Minnesota Hospitals, primary closed anastomosis 
was brought into use by one of these cases and pressed the more vigorously 
as experience was gained The advantages of rapid restoration of gastro- 
intestinal function, omission of a second operation, and shortened hospital 
stay seem to us to be arguments in favor of the method It must be granted 
that good fortune has played a major role in more than one of these cases 
and that the mortality record can hardly remain perfect It is with some 
misgivings that so small a series is presented 

* After submission of this paper for publication, the son of one of our surgery 
residents, age 3, #737852, was admitted for intussusception of 17 hours’ duration, on May 
23 i 1947 It was reduced by barium enema, but recurred 27 hours later Exploration 
showed an easily reducible intussusception at the ileocecal junction, which was patulous 
Palpation through the inverted cecal wall revealed polypoid masses in the last 3 cm of 
ileum In the belief this situation underlay the recurrence of the intussusception, the 
terminal ileum was resected, the cecal stoma was closed, the appendix was removed' and 
a one-layer, silk, end-to-side anastomosis was made to the ascending colon The postiaper- 
ative course was uneventful and the patient is well today The specimen showed a con- 
gested Peyer’s patch with erosion on the surface 
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THE TYPE or ANASTOMOSIS 

In the earliest cases the Martzloft-Burget plan was employed It is 
not satisfactory in very slender segments of intestine, howevei, and for this 
reason the oblique, aseptic anastomosis n ith rotation v as later employed ^ 
j\'Iore recentljq the sing]e-]a 3 'er silk method used in the last case was adopted 

Method Anastomosis clamps are placed somewhat obliquely and not 
quite completely across the prepared bowel about i cm fiom the lemaimng 
edge of mesentery (Fig i) The bowel is cut acioss wuth cauter}^ as wuth 
either of the older methods Halsted silk (2j4-pound test) sutures aie 
placed 7 mm back from the cut edge of the intestine to be anastomosed 
(not fiom the clamp) , they are placed fiist on the back side of the anasto- 
mosis and tied, closing the bow-el over one blade of both anastomosis clamps 
The clamps are then swung to the other side so the anterior wall of bow'el 
can be similarly sutured and tied Pioper initial clamp placement permits 
closure over the tips of the clamps also The entire suture line is now 
complete except at the point of exit of the clamps Preplacement of tw^o 
sutures here permits completion of the anastomosis at once after careful 
removal of the clamps 

In case of questionable viabiht)'-, wude variation m diameter of the ends 
to be sutured, oi somewhat narrow' lumen, the clamps may be placed moie 
obliquely and one end rotated, as in the oblique, end-to-end anastomosis 
pre\ lously described ® ** 

That multiple-layer catgut anastomoses of stomach and intestine should 
have achieved and maintained general use is perplexing in the face of the 
demonstration by Halsted of the efficacy and safety of the single-layer silk 

In case of difficulty in closing the bowel o%er the two clamps in cases in which the 
diameter of one or both sides is small, loosening or removal of the clamp from the distal 
or empty segment alone permits easy closure except at the point of exit of the clamp or 
clamps, this may be facilitated by the use of Lembert instead of Halsted stitches 


Fig I — Closed, one-layer, interrupted silk anastomosis 

a) Placement of first Halsted mattress sutures Note that the clamps 
are placed not quite completely across the bowel The point of exit of 
sutures closest to the modified Martzloff clamp is 7 mm from the cut edge 
of the bowel If the bowel is less than 2 cm in diameter, either smaller 
clamps may be used, or the sutures may' be placed immediately adjacent to 
the clamps and the clamps remo\ed before tying the stitches, 1® or, pref- 
erably, the two-layer, oblique, end-to-end anastomosis may be used,® best 
with withdrawal of the inner catgut basting stitch after completion of 
the silk suture line When the distance from the cut edge of the bowel to 
the stitches is more than one-third the length of tissue along the crushing 
clamps, real danger of obstruction is present 

b) Completion of back side of anastomosis, tying also o\er ends of 
clamps 

c) and d) Front side of anastomosis 

e) Remo\al of clamps— delay ed until all but two sutures bare been 

tied 

f ) Completion of anastomosis by ty mg last two sutures after remo\ al 
of clamps The total number of sutures for intestinal anastomosis has 
\aned from ii to iS 
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anastomosis in dogs It is true that without the closed method introduced 
to general use by Collins, b}'’ Scarff, and by Maitzloflf and Burget, the silk 
technique was more cumbersome to use The feasibility of single-layer silk 
anastomoses ovei clamps, as pioposed by Scaiff, was doubted by Martzloff 
and Burget because of feai of over-invei sion of tissue F K Collins 
presented a method of end-to-end anastomosis in which the clamp w-as used 
only to make secuie a previously laid tie about the intestine His method 
accomplishes nicely seiosal appi oximation wnthout contamination, but suffers 
seriously from ovei inversion of tissue, in the light of my own bad experience 
The same criticism seems to hold against the bulkhead method, even as so 
ingeniously modified by Horine, except in the rectal region, wdiere large 
diameter and ready proctoscopic availability msui e against serious obstruction 

At the University of Minnesota Hospitals, reapplication of the bulkhead 
method has proven successful foi low rectal anastomoses, and Wangensteen 
had previously found single-laj'er anastomoses over clamps very satisfactor) 
in the gastroenterostoni)' of gastric resection, and also in some colon and 
small bowel anastomoses Besides the dangei of overinvei sion, an objection 
to the use of single-layer interrupted silk anastomoses over clamps lies in 
the possibility of soiling in the piocess of removing the clamps before the 
numerous sutures have been tied It is primarily this that the present 
method attempts to avoid 

The safety of such an anastomosis w^as suggested by removal of an inner 
running catgut stitch because of pursestiing effect in ileosigmoidostomy 
after colectomy for ulcerative colitis in September, 1946 This left a true 
single line of sutuies, wFereas Wangensteen’s anastomosis is usually done 
with placement of 30 to 40 sutuies, with some staggering so as to accomplish 
appi oximation in a bioader area than a true single line 

The anastomosis as illustiated above has been used in 19 cases, 5 in the 
presence of small bow^el distention from obstruction All cases have recovered 
smoothly save one wdio had perforation of an obstructed closed loop wuth 
generalized peritonitis before surgery and one wFo had anastomosis of a 
sigmoid colon after removal of an area of diverticulitis In the latter case the 
bow-el was 15 mm in exteinal diameter, and the sutures w-ere placed 8 mm 
back from the clamps, with a transveise sutuie line Although it w-as later 
found a catheter could be passed easily through the anastomosis, the inverted 
cuffs behaved in valve-like fashion sufficient to cause fatal tension gangiene of 
the transverse colon In cases in which the sutures have been placed back of 
the cut edge of the bow-el less than one-third the length of crushed tissue in the 
anastomosis clamp, there has been no complication 

This conclusion as to amount of inversion has been borne out by trial 
anastomoses in bow-el obtained at autopsy ^y use of a y mm distance 
from the cut edge of the bowel— not from the damp— it is possible to 
achieve approximation over the modified Martzloff clamps devised for the 
oblique anastomosis ® Anastomoses so constructed allow- free flow of w-ater 
at less than i cm head of pressuie Intestine less than 2 cm in diameter 
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seems more safely anastomosed by the previously described two-layer oblique 
anastomosis with rotation, with withdiawal of the catgut hasting stitch 
after placement of the silk if desired 

Adoption of this type of procedure was entertained initially as a time- 
saving measure It seems regularly, however, to have been followed by a 
shorter period of postoperative ileus than anastomoses with one layer of 
catgut in addition to silk (Note case 8, put successfully on feedings two 
days after operation) Proctoscopic examination of patients who have had 
bulkhead rectal anastomoses indicates the inverted tissue remains soft and 
pliahle as opposed to the inverted cuffs containing catgut, which are rigid ^ 
It IS possible that the reaction to catgut found m experimental anastomoses, 
and not found to such an extent by Mall, by Sabin, and by Scarff in silk 
anastomoses, accounts for both the delayed mucosal healing and the more 
prolonged ileus in the catgut anastomoses It seems inescapable that it 
contributes to the persistence of the inverted ridge at the suture line 

A final factor m favor of this procedure is that it possesses neatness 
and simplicity, and freedom from complicated or risky manipulations It is 
best for the surgeon to familiarize himself with the method in the dog 
before applying it to human patients 

STJMMARY 

1 Between November i, 1940, and March i, 1947, eight ^resections 
have been done in caring for intussusceptions at the University of Minnesota 
Hospitals One had exteriorization and delayed closure, and seven had 
primary, aseptic anastomosis All patients recovered 

2 The indications for resection were 


Infarction of mtussusceptum 5 cases 

Recurrent intussusception with polypoid Peyer’s patch 1 case 

Developing recurrence while observing for viability, and 
Meckel's diverticulum 1 case 

Irreducible intussusception due to a large polyp 1 case 


3 The choice of procedure lies between exteriorization and early closure 
on the one hand, and resection and primary closed anastomosis on the 
other With a background of closed anastomoses, the latter course is 
preferred here 

4 A simple, safe type of one-layer silk, closed anastomosis is presented 
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MEDIASTINAL ABERRANT GOITER* 

James D Rives, M D. 

New Oreeans, La 

FROM THE DEPARTMENT OF SURGERY, LOUISIANA STATE UNIVERSITY SCHOOL OF MEDICINE, 

THE CHARITY HOSPITAL OF LOUISIANA, AND THE TOURO INFIRMARY NEW ORLEANS, LA 

Partially intrathoracic goiters are very common, especially m the 
* endemic goiter areas (lo to 15% of all cases’’^’ and aberrant 
thyroid tissue not infrequently has been encountered in the neck, but aberrant 
intrathoracic goiters are very rare A review of the medical literature m 
the English language for the past ten years reveals only 14 unquestionable 
cases, including six collected from the European literature by Mora, Isaacs, 
et al 

Crile,® Smith,^® and Touroff^® and others have reported multiple papillary 
carcinomatous masses in the thorax that may have developed from aberrant 
thyroid tissue but may well have been metastases rather than primary tumors, 
so they are not included m the table 

It IS extremely probable that aberrant thyroid tissue is much more common 
than these reports indicate, for not one report of normal thyroid tissue m this 
area was found All except the cases of carcinoma showfed the pathology 
of nodular goiter, either toxic or non-toxic, and a majority were associated 
with nodular goiters in the neck This parallels closely the pathology of 
partially substernal goiters which always result from the growth of large 
nodular glands in the neck 

It is noteworthy that several authors®’ report huge numbers of goiters 
without a single aberrant mass m the thorax* and that more than one leading 
authority^®’ has expressed doubt as to the existence of this anomaly 

Blades,^ in his report of 109 cases of mediastinal tumors m the Army of 
the United States, mentions only two of thyroid origin These cases wqre 
not included in the table because of insufficient data The fact that almost 
if not all of these tumors were m males is probably a factor m his series’ 

CLASSIFICATION 

The lack of a standard classification for mtrathoiacic tumors of thyroid 
origin makes it difficult to be sure of one’s ground m a study of the literature, 
and some case reports may have been missed for this reason I would like 
to suggest a classification that, while it is somewhat clumsy, is at least free 
from ambiguity It is not original except m so far as sharpness of definition 
IS involved 

INTRATHORACIC GOITER 

I Aberrant Mediastinal Goiter 
II Substernal Goiter 

* Read before the Meeting of the American Surgical Association, March 25-27, 1947, 
Hot Springs, Va 
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A Complete 
B Partial 



1 Intermittent 

2 Constant 

a First degree (less than one-half) 
b Second degree (more than one-half) 



Author 

Location 

Table I 

Attachment 

Blood Supply 

Approach 

No 

Cases 

Mora“ et al 

Postenor superior 
mediastinum 

Not definitely stat- 
ed, probably to left 
lobe of thyroid 

From neck, ongin 
not definitely stated 

Cervical 

1 

The Berards* 

Retro-esophageal 

Not stated 

Not stated 

Cervical 

1 

Von Haberer*’ 

Multiple masses in 
chain to postenor 
mediastinum 

Left lobe of thyroid 

Not stated 

Trans sternal 

1 

Roholm^* 

Retro esophageal 

Unknown 

Unknown 

No operation as- 
piration biopsy 

1 

Urban3* 

Retro mediastinal 

Not stated 

Not stated 

Cervical 

2 

Henschen*’ 

Retro esophageal 

Thin process to cer- 
vical goiter 

Not stated 

Not stated 

1 

Hicken” 

‘ Deeper portion of 
chest cavity 

None to thyroid 
gland 

Not stated, not 
from neck 

Discovered at 
autopsy 

1 

HollenbergX 

Antenor 

mediastinum 

Fibrous band to neck 

From neck, probably Cervical 
infenor thyroid 

1 

Eggers* 

Antenor 

mediastinum 

None to neck 

Not stated 

Trans-sternal 

1 

deCourcyt and 
Pnce 

Antenor 

mediastinum 

Fibrous band to 
trachea in neck 

Not identified, not 
from neck 

Trans sternal 

1 

Mason^' 

Right posterior 
mediastinum 

No cervical attach- 
ment 

Not identified 

Posterior extra- 
pleural 

mediastinotomy 

1 

Cabot case’ 
22352 

Right mediastinum 
on diaphragm 

Vascular pedicle up- 
ward 

From above, source 
not identified 

Posterolateral 

transpleural 

mediastinotomy 

1 

Soley” 

Right mediastinum 
touching diaphragm 

Vascular pedicle to 
neck 

From neck, source 
not identified 

Autopsy 

1 

Author 

Antenor superior 
mediastinum 

None in neck 

From mediastinum, 
probably thyroid ima 

Cervical 

1 

Author 

Antenor superior 
mediastinum 

None in neck 

From mediastinal 
vessels, aorta prob- 
able source 

Anterior trans- 
pleural 

mediastinotomy 

1 

Author 

Retro esophageal 

Vascular pedicle pos- 
terior to subclavian 

From abo\e, prob 
ably from sub- 
clavian artery 

Posterior 

transpleural 

mediastinotomy 

1 


I Abet 1 ant Mediastinal goiter should include all thyroid tumors that he 
entirely below a plane extending from the superior surface of the first thoracic 
vertebra to the suprasternal notch, that are either entirely unconnected with 
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the thyioid gland propei or aie at most connected by a fibious band If 
connected by such a band, they should he m such a position that the mechanism 
of Lahey^® can not conceivabfy have displaced them to that position fiom the 
neck (for example, the case of ChuichilP that rested on the light leaf of the 
diaphragm) 

The contention that any mass connected with the thyroid gland in any way 
must necessaiily have been foiced downward fiom the neck is unsound It is 
reasonable to suppose that masses that descend into the chest during fetal life 
may retain a connection to the paient gland However, it must be* admitted 
that if a definite attachment is found and the tumor lies in such a position that 
It might have been forced down fiom the neck, theie is seiious doubt as to its 
oiigin Such cases must be considered questionable It does not seem 
leasonable to assume that a mediastinal goitei resting on the diaphragm was 
displaced from the ceivical legion to its final position by mechanical means 
simpl)'- because its vasculai pedicle extended upwaid A mass of aberiant 
tissue ma}'' continue to descend aftei its vasculai connections have been estab- 
lished, just as the thyioid gland itself does aftei picking up the superioi 
thyi Old artery 

II A Substemal goitei j complete, should include only those uncommon 
cases in which the entiie thyioid gland lies within the thorax The term is 
fiequently used to include thyroids that he almost entirely in the mediastinum 
and on this basis it is i eported that about i % of all nodular goiters are in this 
class It is probable that completely intia-thoiacic glands are actually quite 
laie 

II B I Siihstenial goitei, paitial inteinuttent, should mclndci the “^lung- 
ing goiteis” that slip into and out of the chest cavity during the act of 
swallowing oi duiing changes in position of the neck 

II B 2 Substeinal goiter, partial constant, first and second degree, re- 
quire no explanation Many of those spoken of as completely substernal 
probably belong in this group 

Since the teim “substeinal goiter” is in common use for glands partially 
displaced into the mediastinum and since piactically all such tumois he m 
a substernal position, it seems logical to reserve this teim for such cases 
On the other hand, since aberrant thyroid tissue may lie anywhere in the 
mediastinum, the broadei term mediastinal seems more appropriate 

CLINICAL SIGNIFICANCE 

A sharp separation of aberrant tumois from those mechanically displaced 
into the chest is important not only on purely scientific grounds but also for 
clinical reasons Substernal goiters, having been displaced from the neck into 
the mediastinum by the mechanism so graphically described by Lahey,^® 
almost, if not always, he m the anterior compartment of the supeiior medi- 
astinum in front of tlie trachea, the gieat vessels and the recurrent nerves, 
and are directly connected to oi continuous with the thyroid gland proper 
They almost if not always derive their blood supply from the inferior thyroid 
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vessels Therefore, if those vessels are secured, the substernal mass or masses 
can safely be displaced into the neck by traction, blunt dissection, coughing 
(by the patient), or by any combination of these three, after which they can 
be removed without great difficulty, and without undue danger of hemorrhage 
or of injury to the recurrent nerves If such a mass is too large to permit 
its delivery intact, it can be eviscerated b}’' Lahey’s method, after which it 
can be delivered and removed as a smaller mass would be 

The safety of the above mentioned procedures depends upon the anatomic 
relations previously described, and especiall}'^ upon the fact that the blood 
supply of the tumor is accessible from the neck In view of the fact that the 
thyroid anlage originates at what will become the base of the tongue and 
descends anterior to the larynx and trachea, it seems highly probable that 
most aberrant thyroid tissue will be found m the same location and with the 
same blood supply as the substernal portion of a substernal goiter Under 
these circumstances, the mass can and should be removed by the same methods 
In fact, it seems probable that many aberrant thyroid masses have been so 
removed without special comment by the operator 

If, however, the mass does not he in the classical location , if it does not 
have the usual relation to the great vessels, the trachea, the esophagus, and 
the recurrent nerves , if it does not receive its blood supply from vessels 
accessible from the neck , any attempt to remove it by the usual technic may be 
unsuccessful or disastrous 

I have had what appears to be the unusual experience of encountering 
three aberrant mediastinal goiters that illustrated most of the problems that 
may arise 


CASE HISTORIES 

Case 1 — Mrs M K , white female, age 50 years, was admitted to Touro Infirmary 
April S, 1939 She complained of a large cervical goiter of two years’ duration and of 
dysphagia that has become progressively worse for one year There was no dypsnea 
There were no signs nor symptoms of thyrotoxicosis 

Physical examination showed nothing of note except a large nodular goiter, the 
isthmus of which extended below the supra-sternal notch Both vocal cords moved freely 
X-ray examination showed “a wedge-shaped widening of the superior mediastinal 
shadow, which is associated with a dextro displacement of the trachea suggesting a sub- 
sternal extension of an enlarged thyroid ” Unfortunately, these x-ray films have been lost 
Routine laboratory examinations showed nothing of significance 
Operation, April 28, 1939 Under ethylene anesthesia (not intratracheal) the usual 
collar incision was made, the infra hyoid muscles divided, and a subtotal resection of the 
right lobe and a total remo^al of the isthmus and left lobe of the thyroid were carried 
out Two substernal masses entirely separate from the cervical goiter were found 
One lay behind the right sterno-clavicular joint and a larger one was directly behind 
the sternum Both were freely movable and were delivered into the neck by gentle trac- 
tion There was no bleeding The mass on the right had a long vascular pedicle that 
e-xtended into the mediastinum The centrally located mass had no organized vascular 
pedicle Neither received its blood supply from the inferior thyroid vessels 

The operative field vv^as dry and exposure was excellent at all times, in spite of which 
bilateral V'ocal cord paralysis occurred Dyspnea became progressively worse and on the 
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following morning tracheotomy became necessary Fortunately, no wound mfection 
resulted, and she was discharged on the 15th postoperative day, in excellent condition 
except for the vocal cord paralysis 

Pathologic report — ^The two substernal masses measured 6 x 5 x 3 cm and 

4 X 2 X 2 cm respectively 

Diag}wsis — Nodular nontoxic goiter with cystic change and some calcification* 

Comment — In this instance there were two separate masses in the anterior compart- 
ment of the superior mediastinum, entirely unconnected with the thyroid gland proper, 
and deriving their blood supply from some mediastinal vessel or vessels, perhaps a thyroid 
ima Both tumors were easily displaced into the neck and removed in a dry field with the 
blood supply under visual control, so no danger of hemorrhage existed, but in spite of 
this satisfactory exposure both recurrent nerves were permanently damaged or severed 
Since they were not dissected out, I cannot be sure how or where they were injured, but 
in view of the excellent exposure and the very dry field at all stages of the operation, 
I am quite certain that the nerves were not cut or ligated at any point in their usual 
courses It is an interesting fact that the first signs of respiratory distress occurred 15 
minutes after the resection had been completed I suspect that these tumors lay between 
the nerves, and that they were stretched or torn during the delivery of the masses into 
the neck Probably one cannot fully depend upon the often-repeated statement that the 
recurrent nerves always he behind substernal goiters, and should in such cases expose 
them as Lahey has urged in all thyroidectomies 

Case 2 — E W , colored female, age 45, was admitted to Chanty Hospital on April 
3, 1945, complaining of shortness of breath when lying down and on exertion Nausea 
frequently followed the dyspnea She also complained of sweating, nervousness, palpita- 
tion, and swelling of the ankles 

In September, 1940, she had had a subtotal thyroidectomy performed by me for a 
huge calcified nontoxic nodular goiter A similar mass was recognized in the chest, and 
diagnosed substernal goiter (Fig i), but at operation no connection with the thyroid gland 
nor its blood supply could be found No attempt was made to remove it from above 
because of its huge size and the uncertainty as to its blood supply The patient declined 
further surgery and was not seen again by us until the above date She was, however, 
observed intermittently in the medical clinic 

On this admission examination showed blood pressure 1 70/100, pulse 120, respiration 
28 The chest showed physical signs of a large mass in the anterior superior mediastinum 
and of fluid in the left pleural cavity The heart was markedly enlarged and a soft 
systolic murmur was heard at the apex The liver was enlarged and tender and the spleen 
was palpable X-ray examination showed the large partially calcified substernal mass 
practically unchanged since the first operation 

The E K G showed definite evidence of myocardial disease 

The medical department made a diagnosis of congestive heart failure complicated by a 
large mediastinal tumor, probably of thyroid origin Engorgement of the neck veins and 
increased venous pressure were considered to be due to cardiac failure rather than to 
the tumor Under bed rest and medical treatment the cardiac condition improved 
markedly, but finally a point was reached at which it was believed no further improve- 
ment could be expected without removal of the tumor which pressed upon the heart and 
great vessels 

X-ray examination at this time showed a huge mass in the anterior compartment 
of the mediastinum (Figs 2 and 3) It extended from the supra-sternal notch to the 

5 th rib anteriorly and occupied one half the transverse diameter of the chest cavity, 
being slightly more prominent on the left side The trachea was displaced moderately 
to the right 

* At a later date Brien King’s operation was performed and the Ikryngeal obstruction^ 
1 elieved 
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Operation, April 25, 1945 Anesthesia Intratracheal ethylene-ether An anterior 
approach was made through the 2nd interspace with division of the 2nd and 3rd costal 
cartilages The tumor bulged far into the left hemithorax and was covered only by the 
pleura, which was freely incised anterior to the phrenic nerve By combined blunt and 
sharp dissection, the mass was fieed from its bed and delivered into the left chest cavitj 


% 



Fig 3 — Case 2 Roentgenograms after cervical thyroidectomy, 
showing large calcified mass in anterior-superior mediastinum with 
displacement of trachea to the right 

This dissection was tedious because of numerous strong fibrous attachments but was not 
unduly difficult because of the excellent exposure In order to expose the right side of 
the tumor the sternum.. Avas divided transversely shortly before the completion of the 
dissection One large artery entered the mass on its posterior aspect about 3 or 4 cm 
below the concavity of the arch of the aorta 

A large mediastinal cavity remained, so the mediastinal pleura, now redundant, was 
attached to the anterior chest wall so that the costal pleura could be completely closed, 
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while leaving a small opening into the mediastinal cavity, which was loosely packed with 
dry gauze The pleural cavity was closed without drainage The mediastinal pack was 
removed in 48 hours but a slight hemorrhage occurred on the following day, so it was 
replaced for 48 hours more Moderate drainage but no active infection persisted for ten 
days, after which her convalescence was uneventful The cardiac status improved consid- 
erably, but not completely, and her activities are still somewhat restricted, but failure 
has not recurred (Fig 4) 

Pathologic repoit — A nodular tumor weighing 426 Gm and measuring 15 x 10 x 5 cm 
Diagnosis — Fetal adenoma with fibrosis, calcification, hemorrhage, and cyst formation 



Fig 4 — Case 2 Roentgenogram after removal of mtrathoracic goiter 


Comment — In this case there was a single very large mass in the anterior compart- 
ment of the mediastinum extending well below the arch of the aorta Its location and 
anatomic relations were exactly those of a large substernal goiter, but it was entirely 
unconnected with the thyroid gland proper and did not receive its blood supply from a 
cervical vessel It was supplied by a single large artery that entered its left posterior 
aspect well below the aortic arch, from which it probably arose 

Any attempt to remove this mass through a cervical incision would, in my opinion, 
have been either unsuccessful or fatal, or both On the other hand, the anterior trans- 
pleural approach employed provided free exposure at all times, all points of attachment 
being divided under direct vision 
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Fig S — Case 3 Roentgenogram showing mediastinal Fig 6 — Case 3 Roentgenograms with visual- 

mass projecting into the right lung field remaining after .nation of esophagus, showing the increased size of 

thyroidectomy the mediastinal mass and the fact that it causes dis- 

placement of the esophagus anteriorly and to the left 
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Case 3 — Mrs M C, white female, age 42 years, was admitted to Touro Infirmary 
on June 25, 1944, complaining of a tumor in the chest 

In May, 1933, a subtotal thyroidectomy had been performed for a mildly toxic nod- 
ular goiter A diagnosis of intrathoracic goiter was made at that time, but at operation 
the intrathoracic mass could not be located from the ceivical incision (Fig S) 

She had been in excellent health since this operation, and the intrathoracic mass 
produced no symptoms, but repeated x-ray observation showed that it was steadily 



Fig 7 — Case 3 Roentgenograms with visual- 
ization of esophagus, showing the increased size of the 
mediastinal mass and the fact that it causes displace- 
ment of the esophagus anteriorly and to the left 


increasing in size The last roentgenogram revealed a large, roughly spherical mass 
posterior and to the right of the esophagus and projecting well into the right lung field 
(Figs 6 and 7) opposite the ist to the 6th thoracic vertebral bodies 

Physical examination showed nothing of note Both vocal cords moved freely The 
electrocardiogram was negative Hematology showed a mild secondary anemia 

Operation, June 27, 1944 Anesthesia Intratracheal cyclopropane A posterior trans- 
pleural approach, with resection of the 4th and division of the 3rd and Sth ribs, was made 
Exposure was excellent The tumor was seen to project well into the apex of the right 
pleural cavity and to he directly upon the bodies of the vertebrae It was covered laterally 
onlj bj the pleura, which was incised posterior to the phrenic nerve The tumor was 
easily shelled out and had only one firm attachment, its vascular pedicle, which descended 
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behind the subclavian artery to the upper pole of the mass This pedicle was ligated and 
divided The rent in the mediastinal pleura was sutured and the chest cavity closed 
without drainage 

The postoperative course was uneventful and she was discharged on the 12th post- 
operative day 

Pathologic icpoii — “A tumor weighing 212 Gm roughly ovoid in shape 
approximately 12 x 9 cm” 

Diagnosis — “Adenoma of aberrant thyroid tissue” (Fig 8) 

Comment — This case shows a complete deviation from the normal m the descent of 
thyroid tissue into the thorax The tumor lay in the posterior compartment of the 



Fig 8 — Case 3 Roentgenogram after removal of mediastinal 

aberrant goiter 


mediastinum, behind and to the right of both trachea and esophagus It probably derived 
Its blood supply from a branch of the subclavian artery, but this artery descended behind 
the subclavian trunk Mediastinal thyroid masses have been removed from similar locations 
through cervical incisions, when a band of fascia connected them to the cervical gland, 
but if the blood supply cannot be secured before delivering the mass, it is a very dangerous 
procedure In this instance the vessels would almost certainly have been avulsed and 
would then have retreated behind the subclavian artery, a most disconcerting situation 

OPERATIVE PROCEDURES 

Anesthesia I believe that general inhalation anesthesia, administered 
through a semi-ngid intiatracheal tube, is preferable foi all substernal or 
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mediastyial goiters Several authors of wide experience have recommended 
local anesthesia chiefly because the patient can cough and help in the delivery 
of the substernal mass, but a skilled anesthetist can lighten the anesthesia and 
get the same effect at will, and the assurance of a clear airway at all times 
during manipulation about a displaced and distorted trachea is of paramount 
importance It is also highly desirable to be able to inflate the lung or lungs 
if the pleural cavity should be opened 

Appioach Mediastinal goiters, aberrant or otherwise, that he in the 
anterior compartment of the mediastinum and derive their blood supply from 
vessels that are accessible from the neck should undoubtedly be removed by the 
cervical approach even if they should be so large that evisceration is necessary 
before delivery can be affected If, however, the blood supply cannot be 
identified and controlled from above, any attempt to remove the mass by 
this route may be disastrous 

Splitting the sternum to expose large substernal tumors has been tried 
by many surgeons, but both failures and fatalities have been numerous ® 
This approach gives a poor exposure since the opening is limited by the short- 
ness and rigidity of the first ribs, and the bony margins of the opening are 
completely inflexible The substernal space is very vascular and hemorrhage, 
usually venous, may be severe and hard to control The pleural cavities 
approach each other closely in the midline and often overlap, so one or both 
are frequently opened Small inaccessible tears in the pleura are likely to 
result in tension pneumothorax, because air is sucked in with each inspiration, 
whereas in expiration the pleura bulges against the chest wall and closes the 
opening, thus trapping the air in the pleural cavity Any attempt by the 
anesthetist to inflate the lung fails for the same reason I have observed one 
operative death caused by this mechanism (not m a mediastmotomy ) , which 
incidentally can be easily corrected by opening the pleural cavity widely, and 
thus permitting escape of the trapped air It is for these reasons among others 
that I prefer a transpleural approach to any mediastinal goiter that cannot be 
removed solely by the cervical route 

Almost all mediastinal tumors tend to expand into one or the other 
lung field since that is the direction of least resistance The approach 
may be made from that side, anteriorly or posteriorly as the location of the 
mass dictates The size and location of the tumor will determine whether or 
not nb resection is required In general very large tumors and high posterior 
approaches require rib resection, whereas small tumors and low or anterior 
approaches do not 

When a wide transpleural opening is made, more than half of the tumor is 
usually dearly visible, together with the heart and great vessels and the 
phrenic and vagus nerves With this free exposure the dissection can be 
planned with almost all important structures in full view As compared with 
the extra pleural approach, the dissection required is almost 50 per cent less 
and the visibility almost infinitely better 
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CONCLUSIONS 

1 The classifications of mtrathoracic goiters in common use are variable 
and confusing A method of classification is proposed 

2 Aberrant mediastinal goiters are rare Fourteen cases have been col- 
lected from the English medical literature of the past ten years This number 
includes six cases from the European literature collected by Mora et al^“ 
Three cases are added 

3 The cervical approach is preferable for all mtrathoracic goiters located 
in the anterior compartment of the mediastinum and receiving their blood 
supply from vessels accessible from the neck, but a transpleural approach is 
desirable for all others 
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INFLAMMATORY OBLITERATION OF THE COMMON AND 
HEPATIC DUCTS FOLLOWING CHOLECYSTECTOMY* 

Henry F Graham, M D 
Bhooklyn, N Y 

A B , A WOMAN 41 YEARS OLD, has had 5 children When first seen on 
February 18, 1942, she gave a history of attacks of severe epigastric pain that 
had commenced four years ago, one month after parturition Recently the 
acute attacks had ceased but had been replaced by a burning sensation in the 
right upper quadrant of the abdomen There was no history of jaundice or 
clay-colored stools 

Examination showed tenderness over the gall bladder and appendix An 
X-ray showed stones 111 the gallbladder On March 25, 1942, a cholecystectomy 
and appendectomy were performed under ether anesthesia at the Methodist 
Hospital A soft rubber tube dram was inserted beneath the liver The gall- 
bladder was large and full of numerous stones The operation was an easy one 
and took one hour and 15 minutes The pathologic report showed atrophy of 
the mucosa of the gallbladder, slight thickening of the wall and infiltration 
with a few round cells The diagnosis was chronic cholecystitis and 
cholelithiasis 

Following operation there was occasional vomiting for 36 hours The 
dressing was stained with a little biliary discharge Two days after operation 
the sclerae were clear but the skin was a little muddy On the third day there 
was slight jaundice present On the fourth day she had two yellow and 
brown fluid evacuations There was a little pleurisy m the left lower chest 
On the fifth day tan colored formed feces were obtained There was still a 
little biliary discharge on the dressing On the sixth day the icteric index 
was 30 and the leucocytes were 10,900 with 80 per cent polynuclears A small 
amount of light yellow feces was evacuated at 2 p m but at 9 40 p m the first 
clay-colored stool was obtained, 1 e , six and a half days after operation From 
this time on the jaundice and clay-colored stools persisted 

At the request of the husband. Dr Thomas M Brennan, an attending 
surgeon to two large Brooklyn hospitals, then saw her m consultation It was 
evident that an obstructive jaundice was present and a second operation was 
performed on Apiil 5, 1946, the nth day after the original operation Doctor 
Brennan was present at the operating table as an observer and Dr Pierre A 
Renaud, an attending surgeon to the Methodist Hospital, was first assistant 
An incision was made through the old scar beneath the ribs on the right side 
and extending one inch further laterally Adhesions were separated with diffi- 
culty, exposing the region of the common duct and Foramen of WinsloAv 
No accumulation of bile was found The entire edge of the Gastrohepatic 

Read before the Meeting of the American Surgical Association, March 25-27, 1947 
Hot Springs, Va 
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omentum was thickened to about an anch m diameter from the fissure m the 
liver to the duodenum After careful dissection and aspiration with a needle 
and syringe it was impossible to locate the position of the common duct 
Attempts with a thumb forceps finally secured a free flow of bile, probably 
from the left hepatic duct as a probe could be passed upward and to the left but 
could not be passed downward into the common duct or upward to the right 
As the operation had been prolonged and the condition of the patient was un- 
certain a small catheter was passed into the duct and fastened and the abdom- 
inal wall closed around a larger tube The time of this operation was one 
hour and 45 minutes No evidence was found that the common duct had been 
clamped, tied or cut or injured in any way at the first operation Doctors 
Brennan and Renaud concurred m this opinion 

Following this second operation the jaundice finally cleared up, although 
the stools remained acholic The patient was discharged from the hospital on 
May 2, 1942, with a tube and persistent biliary fistula From July 1942 to 
April 1943 three further operations were performed by a surgeon in another 
city The last one was a suture of the distal end of the common duct (exposed 
behind the duodenum) to a biliary duct in the fissure of the liver over a T 
tube There was no evidence of any proximal portion of the common duct or 
of either hepatic duct 

Still later another operation was performed by a different surgeon who 
drew the duodenum up and performed an anastomosis m the fissure of the 
liver with some improvement on latest report Such an experience as this is 
a tragic one for both patient and surgeon 

Although there are many references m the literature to “inflammatory 
stricture” most of them are brief and the condition is not well understood by 
internists or surgeons who are still prone to believe that all jaundice that 
follows operation and persists is due to an error in technic Miller^ states the 
situation well as follows, “Although the so-called diffuse stricture due to 
fibrosis of the wall of the common duct is not common, nevertheless, suffi- 
cient evidence is now at hand to warrant its recognition as well as indicate 
that It is a condition quite apart from congenital or traumatic stricture and 
probably quite different in mode of production from the strictures caused by 
gallstones There seems good reason to consider it an inflammatory lesion 
which results in an essential fibrosis of the wall of the common duct Neithei 
traumatism or gallstones appear to be a factor m its causation ” 

Judd^ believed that “Obliterative cholangitis resulting in stenosis of the 
common or hepatic duct is the cause of a considerable proportion of strictures 
of the common duct that have been classified as traumatic ” He found that “in 
16 out of 64 operations for stricture the condition was the result of oblitera- 
tive cholangitis and m 15 more it might have been” Carter® discusses the 
“benign” type of cicatricial stenosis at length citing illustrative cases 

Dr John A Timm, in a personal communication, reports a 30-year-old 
Puerto Rican who had no previous operation He was markedly jaundiced 
At operation Doctor Timm found sclerosis of the common, part of the cystic 
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and hepatic ducts with inflammatory induration of the omentum containing 
the portal structures The pathologic conditions present were the same 
as in our case at the second operation Walters^ speaks of inflammatory 
stricture of the common ducts He mentions one case in which there was a 
15-year interval between cholecystectomy and the onset of obstructive symp- 
toms In his article for Lewis’s Practice of Surgery^ he says, “Occasionally 
the obliteration of the duct is due to an inflammatory process which destroys 
the mucosa lining the duct and converts it into a fibrous cord ” Whipple® 
in Nelson’s Loose Leaf Surger}^ speaks of “Stenosis of the ducts following 
tiauma or inflammation ” Lahey" also has seen “One case of complete oblitera- 
tion of the bile duct undoubtedly due to an inflammatory process which com- 
pletely destroyed the mucosa within the common and hepatic ducts converting 
that structure into a fibrous cord without a lumen ” He says that for practical 
purposes nearly all the strictures of the common and hepatic ducts are man- 
made and reports a series of nine such strictures It is interesting to note that 
he mentions the fact that the end of the duct proximal to the stricture was 
dilated m seven of the nine cases and, in the other two cases, he does not 
mention whether it was dilated or not As most of the inflammatory stric- 
tures, like our case, show no dilatation above and an actual obliteration, even 
into the liver fissure, this seems an important differential point 

SUMMARY 

Following an easy cholecystectomy there was evidence of obstructive jaun- 
dice A second operation revealed an extensive cellulitis of the gastrohepatic 
omentum but no evidence of injury at the first operation The cellulitis 
eventually terminated m a complete obliteration of some inches of the common 
and hepatic ducts The absence of dilatation of the proximal portion of the 
duct IS mentioned as a point m differential diagnosis 
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In the treatment of acute appendicitis, there is apparently complete 
agreement that early operation is the onl}'^ safe therapy However, in relation- 
ship to the appendiceal stump, consideiable variance of opinion exists regarding 
the proper operative technic 

Although the first appendectomy was performed as early as 1884, no 
general agreement exists regarding the prefeiable technic for management of 
the appendiceal stump Authors in general do not seem satisfied with any 
specified method, but advocate then own particular technic because of end 
results William Mayo, in explaining his preference for the technic he em- 
ployed, summarized by saying, “I have not had occasion to regret not having 
inverted the stump ” 

Surgeons from various paits of the world, in statistically reporting large 
series of cases, apparently obtain comparable results The majority reveal a 
tendency to advocate their particular method of management of the appendiceal 
stump, and also demonstrate a willingness to lationahze successful results 
obtained, as being due to the particular technic employed 

With such close correlation of statistical results and divergence of 
opinion regarding the manner of obtaining them, various methods of treating 
the appendiceal stump have been studied in an effort to determine whether or 
not the argument is academic or factual in character 

A series of rabbits were used for the study The major interest was 
directed toward end results rather than interval All animals were autopsied 
postoperatively Gross and micro-pathology studies were made at 48 and 96 
hour intervals as well as one week and one month For purposes of clarity, 
discussion will be limited primarily to the observations noted at an interval of 
one month 

The three basic methods generally accepted for treating the appendiceal 
stump were employed, e g , (i) simple ligation (the “tie and drop” method) , 
(2) hgation and inversion, (3) inversion without ligation Each method was 
subjected to variable technics, with catgut, silk, phenol and cautery Such 
variables are unimportant to this discussion, since they simply represent 
technical variations of accomplishing and demonstrating the underlying prin- 
ciples involved 

The method originally described by Dawbarn in 1895, of invagination of 
the appendiceal stump into the lumen of the cecum was not employed In 
this article when reference is made to invagination of the stump, the term 
means into the wall of the cecum an d not into the lumen Common usage 

* Read before the Meeting of the American Surgical Association, March 25-27, 1947 
Hot Springs, Va 
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has given a misconception to the terms — “invagination into the cecum” — and — 
“into the lumen of the cecum ” What is accomplished in the usual technic 
of invagination, is the introduction of a blind pouch into the wall of the 
cecum and not into the lumen This applies whether the stump is, oi is not, 
ligated Emplo3mient of the technic of anatomically tiue invagination of the 
stump into the lumen of the cecum involves technical difficulties that immeas- 
urably inci ease the possibilities of fecal contamination 

The conventional technics now employed are considered simpler and 
acceptable, and the end clinical results justify their use The oiiginal Dawbarn 
technic is a more formidable procedure than the standard methods, although 
111 practice, it is more physiologic 




h Inv'ersion and 
Ix^a^urc 



C Inversion iirjJIoui 
Iz^adure 



djayvjjax jc 

j/v&s Tiol used jn lA/s slicdy 

Fig I — Schematic representation of various methods of treating the 

annendiceal stumo 


Bickham, in describing operative technics, states that the canal of the 
appendiceal stump is probed to piove its patulousness and that it may be 
dilated with special forceps to aid invagination Such technic increases the 
hazards of fecal contamination 

As 'pointed out by Dawbain, to invert the stump into the cecal lumen 
and for it to dram therein, the stump of the appendix has to be turned com- 
pletely outside in, or inside out Physiologic advantages of this procedure 
are nullified by the increased hazai ds of contamination and leakage 

Deaver indicated that the important objects in appendectomy were (i) 
ligature of the base of the appendix, (2) removal without contamination, (3) 

815 



GEORGE H YEAGER 


Annals of Surgery 
November, 1947 


hemostasis He further stated that if it could be accomplished satisfactorily, 
the stump of the appendix should be inverted 

Ochsner and Lilly, m 1937, reviewed the problem and indicated that 
inversion of the unligated stump was the method of choice Their diagrams 
are illustrative of inversion into the cecal wall, although their terminology 
with non-Iigation suggests an end result similar to the Dawbarn technic 
Neither the technic advocated by Ochsner and Lilly, which is simply a slight 
modification of the Halstead “three clamp” method, nor by Goode and Kregel 
were employed in this study Both methods basically, are variations of 



Fig 2 — (Rabbit 3) — Section treated by 
simple ligation or “Tie and Drop,” taken 
32 days after operation 


invagination ot the unligated stump 
into the wall of the cecum The method 
of Goode and Kregel has the advan- 
tage of invaginating a small amount of 
stump into the cecal wall thereby mini- 
mizing tissue reaction in a closed sac 

Employment of a Cushing right 
angle stitch, Lembert stitch, or purse- 
string suture does not alter the final 
domicile of the appendiceal stump If 
a residue of tissue is grasped by a 
clamp, pushed down and buried by 
any suture method, it “sits up” and 
does not “point down ” 

Adult rabbits, in preference to 
dogs, were selected for this study be- 
cause of greater similarity to human 
intestinal anatomic characteristics 
There were 44 experiments — 25 with 
the buried stump and 19 with simple 
ligation 

At varying intervals (two days, 
four days , one week, and one month) 


the animals were anesthetized and the appendiceal stump examined m situ 
and then removed for microscopic study 


Typical protocols, demonstrative of the three methods are presented 
Evidence of inflammation, peritoneal contamination, cecal induration, necrosis 
and extent of adhesions were studied for comparative purposes While man)^ 
of the specimens revealed either one or a combination of these factors, no 


one method revealed dominant characteristics It will be noted that the 


interval specimens in the inverted stump technics, on microscopic examination, 
revealed a greater degree of inflammatory reaction Comparative end speci- 
mens, however, for all methods, microscopically and macroscopically, re- 
vealed little variation 


Rabbit 1 ‘ Tie and drop” (examined at 48 hours) Cecal area completely walled 
off by small intestine and mesentery No evidence of peritonitis , no gross hemorrhage 
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Laboratory Gioss — Stump not mvaginated Serosa smooth except portion distal to 
ligature Ligature firm and intact Microscopic — Section showed marked inflammatory 
response about serosal and submucosal layers Several large areas of necrosis with slight 
hemorrhage into the tissue 

Rabbit 2. “Tie and drop” (examined at 7 days) Laboratory Gross — Stump 
free and smooth Cecal area free of adhesions Serosa clean Microscopic — Slight fibrosis , 
no inflammation No necrosis , no hemorrhage 

Rabbit 3 “Tie and drop” (examined at 32 days) Cecal area free of adhesions 
Encapsulated area in cecum resembled calcified node Laboratory Gross — ^Appendiceal 
stump completely covered by dense fibrous tissue On section, stump is firm and fibrosed 
Microscopic — Moderate fibrosis at margin of stump Low grade inflammation along mar- 
gins of stump at site of organization Necrosis in central portion of stump No hemor- 
rhage Reaction in tissues localized, slight 
Rabbit 4 Ligation and Inversion (ex- 


amined at 48 hours) Laboiatoiy Gtoss 
—•No adhesions about inverted stump 
Serosa clean Stump feels like hard fibrous 
nodule No infection or hemorrhage seen 
Microscopic — ^Marked inflammatory reaction 
with P M N cells Fibrosis over serosa 
No necrosis or hemorrhage Localized reac- 
tion in tissue 

Rabbit 5 Ligation and Inversion (ex- 
amined at 7 days) Laboiatoiy Gross— 
Inverted stump covered by fibrous tissue 
with loops of bowel adherent Microscopic 
—Extensive fibrosis with marked round cell 
infiltration Slight necrosis and slight hem- 
orrhage Reaction moderate and well 
localized 

Rabbit 6 Ligation and Inversion (ex- 
amined at 30 days) Laboratory Gross — • 
Peritoneal surface smooth Microscopic— 
Moderate fibrosis No necrosis No hemor- 
rhage Slight inflammation 



Fig 3 — (Rabbit 6) — Section treated by 
ligation and inversion, taken 30 days after 
operation 


Rabbit 7 Inversion without Ligation 

(examined at 48 hours) Labotatory Grow— Stump cleanly invagmated with mesentery 
adherent to site of invagination On section, there is an encapsulated hematoma in the 
stump Microscopic — Marked hemorrhage into the tissue with round cell infiltration along 
margins and considerable fibrosis with beginning organization No necrosis seen 

Rabbit 8 Inversion without Ligation (examined at 7 days) Laboratoiy 
Gross— Imerttd stump covered by fibrous adhesions No evidence of hemorrhage Feels 
like a hard fibrous nodule Microscopic — Marked fibrosis Slight inflammation One small 
area of stump necrotic No hemorrhage Slight reaction in tissue 

Rabbit 9. Inversion without Ligation (examined at 30 days) Laboratory 

Gross — Peritoneal surface smooth No adhesions Microscopic — Slight fibrosis, no inflam- 


mation , no necrosis , no hemorrhage Slight reaction m tissue 


COMMENT 

Emphasis has been placed on end results as determined by 30-day speci- 
mens Interval specimens of inversion of the stump, on microscopic examina- 
tion revealed hemorrhagic infiltration Since this phenomena was not noted 
m unburied stump specimens treated by simple ligation (“tie and drop” 
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method), it was attubiited to tiauma associated by inseition of the purse- 
string suture The dangei of iiijuiy to blood vessels during insertion of the 
inverting puise-stiing sutuie was emphasized by Coif in 1926 

Bi'ikle-de la Camp, 111 expeiiments on monkeys, Goode and Kregel on 
dogs, and Kioss on labliits weie able to demonstrate advantages of invagina- 
tion of the unhgated stump 

! Kioss noted mesenteric lymph 

node enlaigeinent constantly asso- 
ciated with stump inversion, and ab- 
sence of this change -when the stump 
was left unburied In this series, no 
significant variation of lymphatic en- 
laigement was noted 

In this study, many specimens re- 
vealed vaiying degrees of inflamma- 
tion and necrosis Encapsulated 
hematomas were not an infrequent 
phenomena No specimen — either 
buried or unburied — revealed abscess 
foimation — eitlier macroscopically or 
mici oscopically 

Micioscopically — the interval spe- 
cimens levealed considerably more 
inflammatory reaction in the cecum in 
the buried stump than m the unburied. 

Fig 4— (Rabbit 9)— Section treated by ^nd more With the ligated buried 

inversion without ligation, taken 30 days stump, than when unhgated and 
after opeiation t , r,-, , , , 

buried ihis latter obseivation has 

been noted pieviously It is probably 
due to moie adequate drainage b}'^ continuity of unhgated, crushed, necrotic 
tissue through the lesidual lumen of stump, communicating with the lumen 
of the cecum 

Under pathologic conditions of inflammation associated with appendicitis 
this type of reaction would probably be much moie exaggerated Anatomic 
chai actei istics of the human cecal-appendiceal area offer greater protective 
advantages from the surgical viewpoint than noted in most experimental 
animals 

DISCUSSION 

^ End results of the standard methods of treatment of the appendiceal 
stump (a) ligature or ‘tie and drop” method, (b) inversion into the wall of 
the cecum of either the ligated or unhgated stump, as observed in this study, 
do not justify claims of the superiority of one method over the other 

2 Interval studies of the two methods revealed no gross discrepancy 
between the methods but did reveal greatei microscopic inflammatory leaction 
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in the inversion technic This is piobably secondary to trauma fioni insertion 
of the purse-string sutui e 

3 — Contamination, hemoi i hage and inflammatory reaction would probably 
be greater with the puise-strmg sutui e method than with the simple ligature 
or "tie and drop” method, under conditions of infection and inflammation 

CONCLUSION 

Under conti oiled laboiatoiy conditions and compaiative technic, no supei- 
lority of any one method of treatment of the appendiceal stump, as determined 
by end results, could be demonsti ated 
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This study of talc granuloma is being presented in order to stress the 
seriousness and frequency of a known postoperative complication and to sug- 
gest a way by which it may be prevented 

During the past 14 years sporadic reports of talcum powder granulomas 
following surgical operations have appeared in the literature Because some 
of these reports have dealt with a small number of cases scattered over a 
long period of observation, many surgeons and pathologists have tended to 
consider the problem chiefly as one of academic interest During the period 
in which no apparent solution to the fundamental problem was in evidence 
there perhaps was some excuse for this attitude Now that alternatives to 
the use of this dangerous agent in the operating room are available, it is well 
to realize the variety and seriousness of the complications that may arise from 
the use of talcum powder on surgical gloves 

This study reviews 37 cases of talcum powder granulomas producing 
symptoms serious enough to require admission to the Barnes Hospital for 
treatment In each instance a previous operation had resulted in the leaving 
of enough talcum powder in the wound to result in a severe silicotic reaction 
with consequent serious postoperative complications 

AntopoB in 1933 was the first to call attention to the clinical and patho- 
logic significance of Lycopodium and talcum powder granuloma in surgery 
He presented 6 cases of granuloma caused by Lycopodium spores and talcum 
powder crystals introduced into a surgical wound from the surgeon’s glove 
He pointed out the clinical similarity of these lesions to both neoplasm and 
to tuberculosis 

Erb® in 1935 reported 6 cases of talcum powder granuloma In 3 of these 
cases the granuloma was an incidental finding but m the other 3 patients, the 
talc granuloma was the fundamental cause of the postoperative complaints 
One of these cases had a severe talc reaction deep within the brain substance 
following a neurosurgic procedure 

In 1936, one other case was reported by Owen A year later Fienberg^ 
reported five instances in which talc crystals were discovered in microscopic 
sections by the use of crossed Nicol prisms Birefringent material (of which 
talc IS an example) will b}’- this method of examination rotate a beam of 
polarized light The latter author reviewed 30,000 cases and states he found 

* Read before the Meeting of the American Surgical Association, March 25-27 i947 
Hot Springs, Va 
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Fig iA 



Fig iB 

Fig I a — Talc granuloma in lumbosacral extradural space following 
laminectomy The process is recent and there are numerous giant cells 

(H & E X 150) 

iB — Photograph of same field seen in Fig lA taken with polarized light 
to demonstrate the massiveness of contamination (x 150) 
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Fig 3 a 




Fig 3B 

Fig 3A — Reaction to an unusuallj large talc crystal This followed 
appendectomy, and the resulting lesion was diagnosed roentgenologically and 
clinically as regional ileitis There was a diffuse area of edema and fibrosis 
involving the terminal ileum (H & E X 150) 

3B — Photograph of same field seen in Fig 3A taken with polarized 
light (X 150) 
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Fig 4A — Reaction to talc adherent to chromic catgut This was a peri- 
toneal suture and resulted in the formation of adhesions with subsequent 
intestinal obstruction We have noted stenosis of enterostomy stoma as a 
result of such a reaction to talc contaminating suture material 

Fig 4B — Photograph of same field seen in Fig 4A taken with polarized 
light to demonstrate widespread contamination with birefnngent talc 
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but 5 examples of talc granuloma He reviews, however, only those cases that 
had been diagnosed as foreign body reaction of an unknown type 

Grieco" in Italy reproduced talc granuloma in animals by injecting a fine 
suspension of talc crystals subcutaneously and intrapeiitoneally He demon- 
strated that only a few crystals were required to incite a large mass of inflam- 
matory reaction 

Ramsey and Douglass^^ in 1940 added 5 cases to the literature and cau- 
tioned against the use of talcum powder in the opeiating room The same 
year German^ noted the similarity between the reaction of the subcutaneous 
tissue to silica and that of the microscopic picture m sarcoid, pointing out that 
foieign body granulomas might well be confused with sarcoid 

len more cases were added to the literature in 1941 and 1942 wnen 
McCormick and Ramse}'’,^^ Byron and Welch,^ and Ramsey^"^ reported a 
variety of manifestations of this underlying granulomatous lesion These 
authors noted the production of peritoneal granulomas, and of chronic drain- 
ing sinuses caused by the seeding of talcum powder into the peritoneal cavity 
duiing various surgical piocedures 

Weed and Groves^^ in an effort to find the mechanism of talcum powder 
contamination of wounds, studied surgical gloves after their operative use 
They found that in 74 4 per cent of all operations at least one of the gloves 
used by the operating team was torn Of all gloves examined 22 6 per cent 
showed perforation following use m the operating room This work empha- 
sizes the fact that simple washing of the gloved hand would not remove the 
danger of contaminating the surgical field with talcum powder A relatively 
large amount of powder remains inside the glove and can easily be spilt into 
the wound when a glove is perforated 

German® in a subsequent repoit reviewed 20 cases in which he found upon 
microscopic examination laige numbers of talc crystals within the tissue He 
required 3 or more crystals per microscopic field before he would consider talc 
as a causative agent Fiom his animal experiments in the pioduction of talc 
granuloma, he states that concomitant tissue trauma is necessary in the region 
of talc implantation foi the production of granuloma 

Wells-- in 1944 noted a number of cases m which talc granuloma had 
caused a failure of surgical wound healing 

A number of authois have thus recognized the dangers in the use of talcum 
powder Seelig, Verda and Kidd^" m 1943 were the fiist to offer a substitute 
for this offending material Thej'- suggested the use of potassium bitaitrate 
powder which they pointed out caused no such tissue reaction as did talc, and 
was relatively resistant to autoclaving They also called attention to tne 
bacteriostatic properties of this powder Subsequent to then report, this 
material has been adopted by a number of surgeons throughout the countr}’- 
with varying success The greatest drawback to the use of potassium bitartrate 
IS that if autoclaved for longei than 20 minutes it tends to caramelize, making 
rubber gloves sticky as \\ ell as decreasing their elasticity 

Seehg^^' m a series of three papers m 1944 and the year following, 
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re-emphasized the dangers of talcum powder in the operating room, and 
offered another more desirable substitute in the form of a specially treated 
starch powdei It was felt that this new agent once available would replace 
both talcum powder and potassium bitartrate 

Recently Lichtman®’ ® et al have published two papers reviewing the entire 
problem very thoroughly They present a large series of lesions in which 
the reaction to talcum was considered to be an etiologic factor, and discuss 
the microscopic similarity between the talcum lesions, sarcoid and tuberculosis 
They also point out the similarity between talcum powder granuloma and some 
of the manifestations of regional enteritis 

During recent years surgical specimens showing chronic inflammatory 
lesions have been examined by us with crossed Nicol prisms, and many clin- 
ically unsuspected cases of talcum powder reaction have been identified The 
prevalence of these lesions and their varied clinical manifestations prompted 
us to review the surgical pathologic material at the Bai nes Hospital in an effort 
to correlate our experience with this condition Many cases coming to le- 
operation prior to the recognition of the propensities of talcum powder to 
cause such granuloma had been incoiiectly diagnosed, only to be discovered 
upon re-examination in the light of later knowledge It is interesting to note 
that in several cases the pathologist remarked upon the reaction as being 
“similar to one around a foreign body,” but talc was not inciiminated until after 
Antopol’s article in 1933 

The fact that talc crystals are found in a microscopic section does not 
necessaiily mean that they underly the essential nature of the pathologic lesion 
A high percentage of cases at re-operation show evidence of the presence of a 
few talc ciystals but in most cases they are merely an incidental finding 
Crystals around the periphery of the section ai e felt to be contaminants, prob- 
ably from the examining pathologist’s glove Foi this reason precipitated 
calcium carbonate is used as a dusting powder in the surgical pathologic 
laboiatory, it being adequate as a powder and impossible to confuse with talc 
crystals because of the inability of chalk to rotate polarized light 

We have tried assiduously to avoid indicting talcum powder as the 
primary etiologic agent m a case until certain ciiteiia have been lulfilled 
These are 

1 The finding of doubly refractile ciystals in the microscopic section 
These crystals must be within the body of the material sectioned 

2 The crystals must have the morphology of talc, as diffei entiated from 
lint, fibers of cotton, silk, cholesterol crystals, etc 

3 A tjqiical foreign body reaction must be present immediately around 
these cry'stals, which includes the presence of multmucleated giant cells, round 
cells, and a varying amount of vascular fibrous connective tissue 

4 Clinical interpretation consistent with talcum powder granuloma This 
includes a previous operation at the site of granuloma formation, and no 
other evident source of origin to explain the condition 

Using these criteiia 37 cases have been identified m winch a reaction to 
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Table I 

Tune Between 

Ong Op Duration 




and 


No of 


of 

Case Onginal 

Appearance 

Chief Operations 

Operations 

Symp- 

No 

Operation 

of Symptoms Complaint Subsequent 

Performed 

toms Died 

1 

Appendectomy 

3 wks 

Intestinal obstruction 

1 

Lysis adhesions 

6 wks 

2 

Appendectomy 

5 days 

Abdominal sinus 

5 

I&.D Curettings lap 

2 yrs + 

3 

Suprabic prostatec- 







tomy 

0 

Abdominal sinus 

2 

Curettings 

2 mos 

4 

Removal of wart 

0 

Scar on face 

8 

Plastic to face 

2 yrs -f 

5 

Appendectomy 

5 days 

Abdominal sinus 

2 

Excision sinus 

17 mos -f 

6 

Cholecystectomy 

0 

Abdominal sinus 

2 

Lap I & D 

8 mos 

7 

Salpingectomy. 


Unnary and fecal 





oophorectomy 

5 days 

fistula 

3 

Closure fistulae 

10 yrs 

8 

Myomectomy, 







appendectomy 

0 

Abdominal sinus 

2 

Exasion sinus I&D 

10 mos -f 

9 

Appendectomy 

0 

Abdominal sinus 

1 

Excision sinus 

2 mos 

10 

Appendectomj 

yrs 






oophorectomy 

6 days 

Fecal fistula 

2 

Closure fistula 

6 mos 

11 

Laparotomy 

0 

Abdominal sinus 

2 

Lysis adhesions 

6 mos 

12 

Appendectomy 

5 mos 

Mass in RLQ 

1 

I&D abscess 

1 mo 

13 

Appendectomy 

0 

Fecal fistula 

4 

I&D, excision s nu<=. 







resection 

1 yr 

14 

Appendectomy 

3 wks 

Abdominal sinus 

3 

Excision s'nus 

2 yrs 

IS 

Hemiorraphy 

0 

Mass sinus 

2 

I & D 

3 yrs 

16 

Appendectomy 

0 

Fecal fistula 

3 

Closure fistula 

21 yrs 

17 

Laparotomy 

3 mos 

Intestinal obstruction 

6 

Lysis adhesions, 







colostomy, 







resection ileum 

3 yrs 

18 

Appendectomy 

3 mos 

Abdominal sinus 

2 

Excision sinus 

6 mos 

19 

Appendectomy 

14 mos 

Abdominal sinus 

4 

I&D curettings 

2 yrs 

20 

Appendectomy 

0 

Abdominal sinus 

4 

Laparotomies 







exploration 

26 mos 

21 

Nephrectomy 

2 mos 

Lumbar sinus 

1 

Exasion sinus 

2 yrs 

22 

Appendectomy 

7 mos 

Mass in RLQ 

2 

I & D 

20 mos -t- 

23 

Appendectomy 

0 

Abdominal sinus 

3 

Lysis adhesions I&D 

7 mos -f 

24 

Appendectomy 

0 

Intestinal obstruction 

5 

Lysis adhesions, 







ilectomy 

3 yrs + 

25 

Gastrectomy 

1 mo 

Obstruction 


Eisophagoplasty, 





anastomosis 

5 

lysis adhesions 

6 mos 

26 

Abdominal 




Ileocecostomy 



hysterectomy 

1 wk 

Fecal fistula 

2 

closure 

3 mos X 

27 

Laminectomy 

2 mos 

Sinus 

1 

Excision s nus 

6 mos 

28 

Laparotomy 

1 yr 

Intestinal obstruction 

3 

Ileostomy’ resection 


29 

Laparotomy 

1 wk 

Abdominal sinus 

3 

I & D 

6 mos 

30 

Appendectomy 

2 mos 

Intestinal obstruction 

3 

Lysis adhesions 







resections 

6 mos X 

31 

Thoracotomy 

0 

Chest sinus 

2 

Curetting sinus 

10 mos 

32 

Appendectomy 

10 yrs 

Intestinal obstruction 

3 

Lysis adhesions. 







enterostomy 

11 yrs 

33 

Abdominopenneal 




Enlargement 



resection 

2 yrs 

Stenosis colostomy 

1 

colostomy stoma 

6 mos 

34 

Laminectomy 

0 

Pain in leg 

1 

Laminectomy excision 







granuloma 

13 mos 

35 

Abdominopenneal 




Enlargement 



resection 


Stenos’s colostomy 

1 

colostomy stoma 


36 

Cholecystectomy 

0 

Intestinal obstruction 

3 

Lvsis adhesions 

2 yrs 

37 

I&.D penneal abscess 0 

Penneal sinus 

2 

Excision penneal sinus 

2 mos 
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talcum powder produced the essential lesion Table I summarizes the im- 
portant data of these cases 

Not included m this senes is a considerably larger group m which all 
of the criteria mentioned above could not be satisfied In this latter group the 
majority of the patients had undeigone previous laparotomies with resulting 
dense diffuse adhesions As can be noted in the photomicrographs, a minute 
amount of talc is capable of producing a wide fibrotic reaction The cellular 
reaction in these cases was identical with that resulting from talc, but because 
sufficient amount of talc could not be identified, we have not felt justified in 
including them m the present series We call attention to them, however, to 
stress the point that the talc reaction m our opinion plays a prominent role 
in mail)" instances in the formation of that type of dense stenosmg fibrosis so 
often associated with postoperative symptoms 

The most striking fact concerning this group of postoperative patients 
IS the diversity of the clinical syndromes that they represent The most com- 
mon finding IS that of a surgical wound that failed to heal postoperatively 
Twenty-three cases (62 per cent) had such a manifestation 15 had a 
chronic abdominal sinus, i a lumbar sinus, i a sinus m the chest wall, and i 
a perineal sinus A few of these were simple superficial wounds and were con- 
sidered clinically to be stitch abscesses Others extended deep into the 
peritoneal cavity 

Besides these sinuses, five fecal fistulas were found Before including 
these cases, ample evidence of talc deep m the sinus wall was requiied, for 
many doubly refractile vegetable bodies could pass into such a fistulous tract 
from the lumen of the intestine As in Lichtman’s series® many of these cases 
with fecal fistulae had been thought clinically to have regional enteritis 
Table II shows the frequency of the various clinical complaints 

Table II 

CLTNICAL COMPLAINTS IN 37 PVTIENTS WITH POSTOPrR4TI\ E 
TALCUM POWDER GRANULOMA 


Sinus Ig 

Abdominal sinus IS 

Lumbar «inus 1 

Chest sinus I 

Perineal sinus I 

Fecal fistula 5 

Intestinal obstruction 7 

Tumor mass S 

Neurologic signs 2 

Stenosis 2 


Most of the patients in this series had many previous opeiative proceduies 
before being seen in this hospital Eight patients (22 per cent) had four or 
more operations The average patient had 2 5 operations with no assurance 
that more procedures would not be required after dischaige In two patients 
further surgery is known to have been performed at other hospitals when 
emergency procedures were necessary 

The tj pe of operation performed in treating these complaints were varied 
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Seventeen patients had closure or attempted closure of a chronically draining 
sinus Many of these patients required multiple opeiations Lysis of post- 
operative intestinal adhesions was carried out in seven cases, and a like 
number lequired bowel resection Incision and drainage, vith curettage of 
sinuses was perfoimed in 21 cases 

The condition most often confused with talc granuloma chmcall} in this 
series was tuberculosis This was due to the chronicity of the signs and 
symptoms and to the similarity in the gross between the granulomatous lesions 
Non-caseous tuberculosis was a repeated suggestion in the clinical histones, 
and gross examination often lent weight to the diagnosis The microscopic 
picture was of course always slightly atypical of tuberculous infection 

As previously noted, regional enteritis was often suggested when small 
bowel symptoms predominated 

Talc granuloma is a chronic condition In this series, symptoms ranged 
from a few months to 21 years During this time there were long silent periods 
m which no evidence of foreign body was seen Then without obvious stimulus 
there were S)miptoms of irritation Although a few cases had their first 
symptoms occur m a matter of months after opeiation, most had some 
evidence of foreign body reaction during their immediate postoperative hos- 
pital stay Those cases with obstructing intestinal adhesive bands seemed 
to have late evidence of their talc reaction, perhaps because it required some 
time for the adhesions to form and become constrictive 

There were two deaths m this series 

The primary operations during which time talc was implanted represent 
procedures in all branches of surgery and its specialties The most common 
operation responsible for talc spillage was appendectomy (4Q per cent), fol- 
lowed by laparotomy for unknown procedures (ii per cent) Gynecologic 
operations accounted for ii per cent of the cases, genitourinary, orthopedic, 
plastic, thoracic and neurosuigical procedures each were responsible for at least 
one example of talc spillage and subsequent reaction 

The danger of this silicotic reaction, therefore, is universal In some aieas 
small granulomas may cause fewer symptoms than others This proliferative 
process once present usually persists for years The pait it plays in the pro- 
duction of postoperative abdominal adhesions has been tragic and apparent 
The damage m other surgical procedures such as craniotomy, while present, 
has been less obvious 

PATHOI/OGl 

Upon gross examination talc granulomas are not pathognomonic In cases 
where a mass was observed, the operative notes almost invariably mention the 
hard consistency and pearly white or grey color of the tumor In many cases 
biopsy of the area was made upon laparotomy because of the dense consistency 
of the area, which suggested mahgnanc}'^ When small multiple, discrete areas 
of reaction were seen at operation, the surgeon’s note often mentions the 
resemblance to miliary tubprcle formation Adhesive bands nithm the 
peritoneum were noteworth}’^ because of their dense inelastic consistency and 
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their vascularity The pathologist usually described the smaller lesions as 
feeling shotty when rolled between the fingers 

The largest granuloma in this series was a sausage shaped mass involving 
the transverse colon, measuring 14 cm in length and 8 cm in width (Case 
No 30 ) Most of the granulomas, however, were small nodules measuring 
about I cm m diameter 

Microscopically talc granuloma fits in with those agents that upon intro- 
duction into the body cause a foreign body reaction of the proliferative type 
Pulmonary silicosis has been widely studied, and talc (Magnesium Silicate) 
“eaction is merely a localized form of this same condition 

Talc cr37stals are seen microscopically to be surrounded by masses of 
ibrous tissue in which there is excessive collagen production along with 
iflammatory cells Individual talc crystals are seen to be the nidus of the 
iflammatory reaction, which has a peculiarly wild and unoriented appearance 
'onnective tissue strands are mixed in whorls and cross currents as they 
nvelop the irritating talc particles The cellular response consists of foreign 
lody giant cells which surround (and in the case of small crystals also ingest) 
he talc particles No evidence of destruction of these non-absorbable particles 
s seen so that the reaction by no means resolves the condition The multi- 
lucleated cells in some cases reach tremendous proportions, generally with a 
lear cytoplasm in which numbers of small nuclei are eccentrically clustered 
small round cells are typically in evidence No caseation is ever seen 

The microscopic similarity to a tubercle is evident, for a focus of inflam- 
matory reaction is surrounded by lymphocytes, giant cells, and a proliferative 
connective tissue response Identification of talc crystals in the center of the 
lesions IS of course the point of differentiation This can be performed on 
routine examination merely by using a stnp of polaroid material between the 
light source and the microscopic slide, and another such polarizing strip be- 
tween the slide and the eye arranged so as to darken all but birefnngent 
particles 

Foreign body reactions from other materials are often similai micro- 
scopically to that due to talcum powder crystals The reaction to suture mate- 
rial IS of interest in this respect Strands of cotton or silk are themselves 
slightly birefringement It was noticed in several cases, however, that strands of 
such sutures were surrounded by a halo of birefnngent particles that did not 
appear to be silk or cotton fibers, but rather to be of the nature of talcum 
powder crystals For this reason, several sutures were mounted on a slide 
and examined with polarized light It was found that sutures that were new 
and dry showed none of these birefnngent particles Suture material from 
the same source was then wet in water and run through a hand that had been 
dusted with talcum powder The particles of talc obviously were transferred 
to the wet suture, and became adherent It is possible, therefore, that much 
of the foreign body reaction ascribed to suture material may actually be due 
to the tiny talc particles that are adherent to the thread 

From our own experience and from that of others where talcum powder 
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IS used on the hands and gloves or where it is on the scrub nurse’s table it is 
a source of danger The deposition of a thin layer of talc on gauze sponges, 
packs, and on the instruments follows the all too frequent and vigorous 
powdering of the hands preparatory to donning gloves W ith care this hazard 
may be lowered, but even the utilization of utmost care cannot completely 
exclude the possibility of occasional accidental contamination 

The ability of talc to spread throughout a room can easily be demon- 
strated by placing a dark piece of paper or a book on one side of the room, then 
carefully powdering the hands on the opposite side of the room In a matter 
of a few minutes a thin layer of talc will be seen settling on the darkened 
surface. 

It would seem to us that the best answer to the problem is either the use 
of wet gloves or the substitution of an innocuous dusting powder As previ- 
ously mentioned, potassium bitartrate has been used as such a substitute More 
recently, starch treated with formaldehyde in order to prevent the formation 
of a gel upon autoclaving has been tried Seehg has shown the lack of tissue 
reaction to this material in a series of elaborate animal experiments 

Variously treated starch compounds have been introduced into many 
animals (dogs, mice, rats, and guinea pigs) In no case does the powder 
elicit a granulomatous response The innocuousness of starch in the tissue and 
the rapid rate of its dissolution is clearly evident when the powder is injected 
into the anterior chamber of a rabbit’s eye Examination of an animal four 
days after 2 mg of formalized starch has been introduced into the right eye, 
and 2 mg of talc had been injected into the anterior chamber of the left eye 
shows that starch has been absorbed, leaving no reaction Severe fibrosis and 
tissue reaction is seen, on the other hand, m the talcum treated eye The talc 
reaction subsequently caused blindness 

Unfortunately, however, very recent clinical experience has disclosed 
an unexpected difficulty The formaldehyde starch is somewhat unstable, and 
seems to split up on ageing, liberating free aldehyde This, of course, can 
act as an irritant to the hands of the surgeon One corporation interested in 
developing the new powder seems to have used other aldehydes, and to have 
added magnesium carbonate to increase the “flow” of the powder We have 
found previously that magnesium carbonate produces granulomata, more- 
over, the new aldehyde-starch powder has evoked hand irritation in one of 
our resident surgeons 

As a result of the more recent experience, we are still searching for an 
adequate substitute for talcum More time must elapse before we can be 
sure that the aldehyde treated starch is completely innocuous to both the 
patient and the surgeon In the meantime, as previously stated, potassium 
bitartrate, properly sterilized, can be used Talcum must be banned from the 
field of surgery 

STJMIVIARY 

I Thirty-seven cases of postoperative complication due to talcum powder 
granuloma have been presented 
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2 These cases represent a wide diversity of complications, ranging from 
simple wound abscesses to seiious sequelae such as fecal fistulae and intes- 
tinal obstruction 

3 The clinical and pathologic nature of this condition has been discussed 

4 Emphasis has been placed upon the lequirements of a suitable alterna- 
tive dusting powder for use in the operating room 

5 Review of our experimental and clinical trials of formalized starch 
compounds as dusting agents in the operating room has been given 

6 The starch compounds as now produced are not completely stable, and 
must be further modified before we lecommend then use 
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A SUSPENSION OPERATION FOR PROLAPSE OF THE RECTUM* 

Thomas G Orr, M D 

Kansas Citt, Kansas 

The multiplicity or operations which have been described for the 
treatment of complete prolapse of the rectum is evidence that an operation 
has not yet been designed which can be considered entirely satisfactory The 
principles involved in the various operations described are, (i) excision of 
the protruding bowel, (2) operations to reduce the size of the anus and lower 
rectum, (3) plastic operations to restore or strengthen the pelvic floor, (4) 
abdominal suspension, fixation, or both, of the prolapsed bowel, and (5) 
obliteration of the deep cul-de-sac 

The fact that the etiology of complete rectal prolapse is not entirely 
clear may have influenced the trial of many operative procedures without 
sound fundamental reasons Complete rectal prolapse is probably primarily 
the result of an abnormally loosely attached rectum, a developmental defect, 
as suggested by Pemberton and Stalker ^ These authors compare prolapse of 
the rectum to prolapse of the sigmoid following sigmoidostomy, when the sig- 
moid has a long mesentery In addition to the loosely attached rectum, a deep 
cul-de-sac is present, which, due to intra-abdominal pressure, acts as a poten- 
tial hernia between the rectum and vagina in the female, or rectum and blad- 
der m the male (Moschcowitz) ^ Graham® interprets the prolapse as a sliding 
hernia of the anterior rectal wall through the anal canal The natural defect 
in the pelvic fascia which permits the passage of the rectum through the 
diaphragm is enlarged by the pressure against the anterior wall of the contents 
of the cul-de-sac of Douglas With enlargement of the normal outlet of the 
rectum and defective and lengthened supporting structures of the rectum, pro- 
lapse may be expected to occur 

If the cause of rectal prolapse is due to an abnormally attached recto-sig- 
moid with a long mesentery, and a deep cul-de-sac predisposing to hernia, an 
operation designed to correct these two anomalies should produce a cure 

TECHNIC OF OPERATION (FlgS. 1, 2, 3, 4) 

Two strips of fascia i to 2 cm wide and lo to 12 cm long are excised 
from the fascia lata 

A left paramedian incision is made from the pubes to a point about 2 cm 
above the umbilicus The patient is placed in the Trend elenberg position and 
the abdominal contents are packed away from the pelvis with warm moist 
pads A tape is passed through the mesentery beneath the lower sigmoid for 
traction Gentle traction will hold the prolapsed recto-sigmoid in normal 
position 

* Presented at the meeting of the American Surgical Association in Hot Springs, 
Virginia, March 25, IQ47 


833 


THOMAS G ORR 


Annals of Surgerj 
November 1047 


The fascia just above the promontory of the sacrum is exposed through 
an inverted T-shaped incision in the peritoneum A strip of fascia is sutured 
to each side of the rectum with a double row of interrupted sutures of fine 
silk The strip of fascia on the left is passed through a puncture wound made 
in the mesentery of the sigmoid While the rectum is held suspended, the 
upper ends of the fascial strips are sutuied to the dense fascia above the pro- 
montory of the sacrum Interrupted silk sutures are used to attach both mar- 
gins of the fascial strips to the fascia, a distance of at least 2 cm 


i 


Fig I — A, B, C Technic of removal of fascial strips from fascia lata 

The cul-de-sac is completely obliterated by two or more rows of interrupted 
silk sutures placed across the pelvis The peritoneum is sutured to the anterior 
wall of the rectum as each row of sutures is placed 

The pelvic operation is completed by suturing a fold of peritoneum to the 
rectum on each side to cover the fascial strips 

The abdominal and thigh ounds are closed u ith silk 

SUMMARY OF CASE REPORTS 

Case 1 — F H , a male, aged 36, was admitted to the University of Kansas Hospi- 
tals February 18, 1941 He dates his illness following a fall from a horse about five 

834 




Volume 12G 
Number 5 


PROLAPSE OF RECTUM 


years before admission His rectum began to protrude with each bowel movement 
Examination showed a complete rectal prolapse about lo cm in length He was oper- 
ated upon February 22, 1941 He made a good recovery and left the hospital on the 
iSth postoperative day He last reported January 27, 1947 He has had no recurrence 
of the prolapse but has recently been constipated and complains of stomach trouble 

Case 2 — J A , a male, aged 68, entered the hospital February 22, 1944 The first 
prolapse of the rectum occurred four weeks before admission From the onset, the bowel 

— 1 
I 
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Fig 2 — Fascial strips sutured to rectal wall and to fascia above the promontory of the 
sacrum On the left the fascial strip is passed through the mesentery of the sigmoid 

prolapsed when his bowels moved and when standing There had been some incontinence 
This patient had a fracture of his spine one year before admission which resulted in 
spastic paraplegia When straining the rectum protruded 5 to 10 cm Since operation 
March 2, 1944, he has had no further evidence of prolapse Because of his disability due 
to paraplegia he now spends much of his time m bed in a county institution His condi- 
tion was reported good on December 3, 1946 

Case 3 ■ — J J , a male, aged 33, entered the hospital November 12, 1945, complaining 
of rectal trouble He had had a prolapse of the rectum at times since earlv childhood 
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l<io 3 — A told of peritoneum has been sutured to the rectal wall on each side to 
cover the fascial strips The cul-de-sac has been obliterated by rows of sutures placed 
transverselj across the pelvis 



Fig 4 — A Detail of attachment of fascial strips to fascia above the promontory of 

the sacrum 

B Lateral view of pelvis showing closure of cul-de-sac and location of fascial strip on 

wall of rectum 
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About two years ago he had some type of rectal operation without benefit The prolapse 
was greater after the operation and was associated with a dull pain in the rectal region 
Examination showed a complete prolapse of the rectum which could be reduced man- 
ually He was opeiated upon November 14, 1945 He reported on December 6, 1946, that 
he has no rectal trouble but does have some discomfort in the lumbar region 

Case 4 — Mrs E B , 'aged 66, was admitted to the Hospital on January 5, 1947 
Prolapse of the rectum appeared about 15 months prior to admission A rectal operation 
was done in February, 1946, which gave temporary relief Asthma, which she has had 
several years, grew worse and she thinks persistent coughing may have influenced the 
return of the prolapse For five or six months the prolapse grew worse until the rectum 
protruded constantly She was a small emaciated woman weighing 84 pounds The 
rectum protruded 10 to 12 cm There was marked relaxation of the sphincters with 
almost complete incontinence Following the operation on January 9, 1946, she made a 
good recovery and left the Hospital on the 12th postoperative day On discharge she still 
had anal incontinence and some diarrhea On March 15, 1947, her physician reported that 
there has been no recurrence of the prolapse and the sphincter tone has much improved 
She has gained weight and is doing her housework 


Table I 

Date of 


Patient 

Sex 

Age 

Operation 

Last Report 

Result 

F 

H 

M 

36 

Feb 

22 , 41 

Jan 

27 

47 

No recurrence of prolapse 

Some constipation 

J 

A 

M 

68 

Mar 

2, 44 

Dec 

3 

46 

No recurrence of prolapse 

Condition good 

J 

J 

M 

33 

Nov 

14, 45 

Dec 

6 

46 

No recurrence of prolap'^e 

Some discomfort in back 

E 

B 

F 

66 

Jan 

", 47 

Mar 

15 

47 

No recurrence of prolapse 

Sphincter tone improving 


Doing own housework 


RESULTS 

The lesults in the foui cases heie lecoided have been satisfactory to date 
(Table I) There has been no evidence of recurrence of the prolapse and the 
function of the rectum has been noimal The possibility of constriction or 
angulation of the lower sigmoid at the sacial promontoiy was considered but 
this has not happened A barium enema has shown normal caliber of the 
rectosigmoid in two cases 


CONCLUSIONS 

A suspension operation foi complete prolapse of the rectum is described 
The steps in the operation suspend the rectosigmoid from the fascia above 
the promontoiy of the sacrum with fascial strips and obliterate the deep 
cul-de-sac of Douglas It is believed that suspension of the loosely attached 
rectosigmoid directly prevents prolapse through the anus and obliteration of 
the deep cul-de-sac eliminates a potential hernia which is a contributing factor 
m rectal prolapse 
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The cork is placed in the lumen of the bowel and, with the patient in the knee-chest 
position, the major portion of the bowel lies anteriorly This is well illustrated in Figure 
II The blue line illustrates the parietal peritoneum, which has slipped down between the 
two levator am as it gradually deepens the cul-de-sac, and shows that the direction of the 
rectal lumen is definitely posterior Our conception of this mechanism is that the pro- 
lapse occurs through the separation of the levator am muscles 

In Figure III the peritoneal cul-de-sac has been drawn up into the abdomen and 
separated, the ureters isolated, and one can then visualize the median margins of the 
two levator muscles They are then approximated by interrupted sutures and this 
changes the couise of the rectum, in which it is placed back in the hollow of the sacrum, 
as seen in Figure IV When this suture line had been completed it was no longer possible 
to invaginate the anterior rectal wall thiough the anal orifice We had changed the 
direction of force exerted through increased intrapentoneal pressure 

We have had three cases in which this has been carried out with success, now 
sufficiently long to feel that it is permanent, and my colleagues have carried out three 
more, and in these there has been no recurrence 


LETTER TO THE EDITOR 


Sir 

The article of Womack and Crider, “The Persistence of Symptoms Following Chole- 
cystectomy,” on page 31 m the July, 1947, number of the Avnals or Surgcry gives an 
ingenious and hitherto ignored reason for some of the residual symptoms in cholecystec- 
tomized patients The abundance of autonomic nerve fibers and their involvement in scar- 
tissue was well demonstrated in their histologic sections 

For some time I have regarded and treated the so-called “adhesions” after laparotomy 
as being due to minor causalgic states in which partially damaged afferent nerve fibers set 
up reflex phenomena, just as they do in the extrem ties It is fuithermore fairly well 
established that visceral pain in the uppei abdomen is mediated bv the splanchnic nerves, 
in the case of the biliary tract in the right splanchnic Doctor Walter and I have recently 
reported relief of intractable pain due to calcareous pancreatitis following splanchnic nerve 
section We also observed a calcareous biliaiy tract disease exhibiting a painless course 
after splanchnic nerve section Recently we have injected par 3 \ ertebral procaine from 
Dr, to Dio on the right in a patient with persistent pain after cholecystectomy She re- 
mained free of pain for six weeks after the first injection, and a second injection kept her 
symptom-free for another three weeks 

The purpose of this letter is to suggest that instead of excising multiple neuromata 
around the cystic and common duct and stripping them from their afferent fibers, one 
might consider temporary or permanent sympathetic interruption One wonders whether 
the local excision of such trigger-zones as Womack and Crider suggest, will not be 
followed at a later date by a recurrence of fibrosis and a regeneration of nerve-fibers 
Certainly splanchnic nerve section is followed by a degeneration of fibers clear into the 
Pacinian bodies (Sheehan 1933) 

Sincerely yours, 

G De Takats, M D , Chicago 
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RESTORATIVE ENDOANEURYSMORRHAPHY 
BY VEIN GRAFT INLAY=^ 

Arthur H. Blakemore, M D 

New Yoek, N Y 

It was nearly fifiy years ago that Di Rudolph Matas^ introduced the 
surgical terms restorative and reconsti uctive endoaneurysmorrhaphy More 
than 50 years have elapsed since he demonstrated to the profession that gan- 
grene may be regularly avoided by employing his technic of obliterative endo- 
aneurysmorrhaphy for the cure of aneurysm of the extremities Though 
Doctor Matas early recognized the advantage of maintaining a pulsating 
arterial blood flow to the affected extremity for a complete restitution of 
function, his restorative technic clearly demonstrates that the attempt is made 
not at the expense of important collateral vessels — the salient feature of all his 
technics is the preservation of collateral vessels through an intra-saccular 
approach 

It is my wish to present a technic of vein graft inlay for the repair of 
degenerative arterial aneurysm with restoration of blood flow which conserves 
the principle of minimal damage to collateral vessels 

METHOD 

A generous skin incision affording free access to the proximal and distal 
poles of the aneurysm is made, the edges of the skin are covered with towels 
held in place by Michel clips Following the securing of hemostasis, gloves 
and instruments are changed before proceeding with the operation Time may 
be conserved by having an assistant proceed with the removal of a segment 
of vein for use as a graft — preferably from another extremity The superficial 
femoral vein is most commonly used An incision of the fascia is made 
directly over the aneurysm The afferent artery can usually be located by pal- 
pating the pulse and identified by blunt dissection staying close to the upper 
pole of the aneurysm sac A double turn of vaselmized umbilical tape serves 
well for temporary occlusion of the artery Should a sizable collateral branch 
arise at or very near the artery-aneurj^sm junction, this may be separately 

* Read before the American Surgical Association, March 25, 26 and 27, Hot 
Spnngs, Virginia. 
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controlled with a double turn of heavy silk The efteient parent artery is like- 
wise identified and controlled 

The aneurysm sac is then opened widely from pole to pole following secur- 
ing of the parent artery by tapes or rubber shod clamps The clot is quickly 
evacuated and a search is made for the openings of vessels within the sac All 
vessel openings exclusive of the parent artery openings ai e sutured with three 
zero Deknatel silk from within the sac Next, the distance between the parent 
aitery openings within the sac is measured To this measuiement add four 
centimeters for the collect length of the vein graft to be used to budge the 
arterial defect 

Vitalhum tubes, as recommended in a non-sutuie method foi vein graft 
budging of arterial defects- serve as a prosthesis foi retention of the vein 
graft inlay Figure i illusti ates the vitalhum tubes and the method of mount- 
ing a tube on eithei end of the vein graft ® The everted vein is held in place 
by a four zeio Deknatel silk ligature placed around the tube behind a tying 
(holding) ridge on the tube 

Figure 2A illustrates an aneurysm with the sac open to show the parent 
aitery openings Twm smallei openings are likewise indicated Rubber shod 
clamps to control blood flow aie illustiated The size of the openings of the 
parent artery indicate the size of the vitalhum tubes to be employed In some 
cases of large aneurysm the openings are far apart and it may be necessary to 
employ a vitalhum tube one millimetei smallei for the distal opening On the 
other hand, it is fortunate that usuallj the openings are larger m diameter 
than the parent artery This enables the operator to intioduce wuth ease 
larger vein mounted tubes than w'ould be possible if the paient artery w^ere 
seveied from the aneurysm 

Figure 2B illustrates the vein graft inlay m place The retaining sutures of 
zero Deknatel silk are placed aiound the vein mounted vitalhum tubes so that 
when tied tightly with a surgeon’s knot the ligature falls behind the holding 
ridges on the tubes The sutuies of finer (three zeio) Deknatel silk placed 
near the ends of the vitalhum tubes are tied, just snug, to coapt the vein and 
artery intimas Some care must be employed both in the accuiate placement 
of these sutures and the avoidance of a contiguous nerve or vein in case, as 
sometimes happens, part of the suture may be extra-saccular 

On account of vein valves, the proximal end of the vein giaft should, of 
course, be joined with the distal arterj'^ opening 

Figure 2C show's the retaining ligatures tied, the parent arteiy deoccluded 
and sutures placed in the sac w'all which, when tied, will cover the vein graft 
It IS important at this stage of the operation to make sure that any air bubbles 
within the vein graft are made to pass on by pressure upon the graft or 
elevation of the extremity i 

Figure 2D illustrates the vein graft covered and additional sutures placed 
for imbricating the aneurysm sac Silk technic is employed throughout and 
the w ound is closed without drainage 
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CASE KEPOETS 

Case 1 — A 42-year-old colored male entered the Presbyterian Hospital May 27, 
t94S complaining of a pulsating swelling in the right thigh of 2% years duration. His 



Fig 2 — (A) An aneurysm with the sac incised to show the 
parent artery openings and other branch openings (B) The vein 
graft with a vitalhum tube on either end cannulating the proximal 
and distal orifices of the parent artery The proximal holding suture 
ligatures of heavy silk and the distal suture ligatures of finer silk 
for coapting vein intima to artery intima are shown in place ready 
to be tied (C) The vein graft with the suture ligatures about the 
tubes tied Note the rubber shod clamps have been removed per- 
mitting the anastomosis to function at this stage Sutures are layed 
for covering the graft (D) The first row of sutures tied covenng 
the graft with a second row layed 


past history was given as follows Penile lesion in 1923 In 1926 the patient received 
100 intravenous and ^o intramuscular injections because of the presence of a positive 
Wassermann. In 1934 the Wassermann was still positive but became negative followmg 
another senes of treatments for syphilis over a 3-year penod In 1940 the patient received 
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a bullet woiind over the anterior aspect of the nght thigh Two and one-half years later 
a pulsating swelling developed on the medial aspect of the thigh 

Exammatton Presenting on the medial aspect of the right thigh, lower middle third, 
was noted a pulsating swelling the size of a large grapefruit At the same level, over the 
anterior aspect of the thigh, a round scar one centimeter in diameter was present Auscul- 
tation revealed the presence of a systolic murmur over the tumor The superficial veins 
below the knee were engorged One could not be sure of feeling pulsation over the 
posterior tibial artery on the right Pulsation over the dorsalis pedis artery on the right 
were faint in comparison with the left 



Fig 3 — An arteriogram of the femoral artery in Case i Note 
the vitallium tubes with the intervening vein graft Slight angula- 
tion at the proximal end suggests that the vein graft is a little 
redundant 


On May 31, 1945, the aneurysm was operated upon through an intra-saccular approach 
The defect m the femoral artery was bridged with a vein graft bearing a 5 mm vitallium 
tube on either end Wound healing following operation was by primary intention No ob- 
server could feel a pulsation over the posterior tibial artery postoperatively Some thought 
a faint pulsation was detected on different occasions over the right dorsalis pedis artery 
but there was no full agreement on this point However, the oscillometnc readings from 
the lower 1/3 of the right leg were % division consistently and the patency of the 
anastomosis was confirmed by artenogram on the iith postoperative day 

Figure 3 shows an arteriogram of the femoral artery (Case i) showing the vein 
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graft anastomosis and the vitallium tubes in place The angulation of the vein graft 
suggests some redundancy 

Follow-up The patient was examined on follow up visits 3 mos , 6 mos , 12 and 2j 
mos postoperatively The man has had complete exercise tolerance The reports on being 
able to palpate a pulsation in the dorsalis pedis artery on the right have varied much as 
obtained m the early postoperative days previous to arteriographic demonstration of the 
patency of the anastomosis The oscillometnc readings at 22 mos follow up was % divi- 
sion on lower 1/3 of leg — the same as during the early postoperative days 

Case 2 — A 39-year-old Italian woman who was admitted to the Presbyterian 
Hospital October 29, 194s, complaining of a pulsating swelling in the left groin of 18 
months’ duration This patient had suffered from rheumatic heart disease dating back 
to an attack of rheumatic fever at age five 

The present illness began in April 1944 with fever, malaise and loss in weight One 
daj pain in the left groin suddenly appeared, accompanied by a pulsating swelling The 
pain gradually subsided over a two-week period Finally, some months later, the patient 
was diagnosed as having streptococcus viridans endocarditis with a mycotic aneurysm of 
the left femoral artery The infection was cured with penicillin therapy in September 
1944, but the aneurysm continued to grow After the aneurysm had been present one year 
(some SIX months before admission) symptoms of intermittent claudication in the left leg 
appeared 

Operation (Nov 23, 194=;) Exploration revealed a saccular aneurysm of the common 
femoral artery with fibrotic occlusion of the distal opening The latter finding explained 
the recent history of intermittent claudication and the absence of palpable pulsations over 
the posterior tibial and dorsalis pedis arteries in this case 

The defect in the femoral artery was bridged with a graft taken from the right super- 
- ficial femoral vein The proximal opening of the artery was intubated with a S mm 
vitallium tube bearing the cuffed vein It was necessary to slit the distal opening i cm 
to get beyond the area of fibrotic occlusion Even though the femoral artery was badly 
contracted at this point it was possible to introduce a 4 mm vitallium tube mounted on the 
other end of the vein graft When the femoral artery was deoccluded proximally and 
distally, a substantial pulse was palpable m the artery distal to the anastomosis 

Follow-up oscillometnc readings on this patient from the distal 1/3 of the leg imniL- 
diatelv following operation were up to division 

On the 13th postoperative day an arteriogram confirmed the patency of the anasto- 
mosis 

Oscillometnc readings have been maintained at division from the distal 1/3 of 
the leg in this case now in excess of one year since operation She is free of symptoms of 
circulatory insufficiency in the leg 

Case 3 — A 68-year-oId man who was admitted to the Presbyterian Hospital Septem- 
ber S, 1946, because of swelling of the right leg, pain and swelling behind the knee of 
eight months’ duration For some two years the patient had had transient pains in the 
calf of the right leg upon exercise The swelling and pain in the popliteal space had 
grown progressively worse over the eight months’ period prior to admission For three 
months prior to admission the leg below the knee had become greatly swollen 

Examination The right leg was considerably larger than the left The surface veins 
were engorged Occupying the entire popliteal space was a pulsating mass over which 
one could hear a systolic murmur Pulsations m the right dorsalis pedis and posterior 
tibial arteries were less prominent than on the left Oscillometnc readings from the upper 
third of the right (affected) leg ( 2)4 div ) were approximately two thirds of those from 
the left leg There was evidence of arteriosclerosis The Wassermann test was negative 

Operation September 12, 1946, revealed an arteriosclerotic fusiform aneurysm of 
the right popliteal artery which measured i8 centimeters in length The parent artery 
above and below the aneurysm was controlled by tapes The aneurysm sac was opened 
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clot evacuated and small vessel openings sutured Finally a femoral vein graft from the 
left leg mounted on two 8 mm tubes was introduced to bridge the arterial defect within 
the sac and the sac was closed over the graft 

Following operation the oscillometnc readings from the upper 1/3 of the right leg 
approximated those from the left leg representing an increase of 35 per cent above the 
preoperative level Pulsations in the right foot arteries were increased equal to those 
on the left by palpation 

Follow-up At four and six mos respectively, following operation oscillometnc read- 
ings from the two legs have remained equal ( 2 j 4 ) Pulsation can be palpated throughout 
the vein graft The man is active and free of symptoms of circulatory insufficiency in the 
right leg 

Figure 4 IS an x-rav of the leg taken m the lateral position and shows the two 
vitallium tubes 

Case 4 — A 50-year-old colored man who 
was admitted to the Vandeibilt Clinic February 
14, 1947, complaining of pain in the chest of 
four months’ duration 

The patient gave a history of lues, insuffi- 
ciently treated, in 1925 One and one-half years 
ago (1945) the patient was operated upon foi 
an aneurysm of the right femoral artery Since 
operation the patient has had to rest after walk- 
ing four blocks on account of pain in the calf of 
the right leg 

Four months prioi to admission the patient 
developed pain in the upper left chest followed 
by hoarseness two months later There was a 
gradual loss of 12 lbs in weight He developed 
a non-productn e cough and became short of 
breath on slight exertion 

Examination m the clinic revealed the pres- 
ence of an aneurysm of the upper descending 
thoracic aorta The Kline test was negative 

The patient was placed on bismuth therapy 
February 18, 1947 Shortly afterward he devel- 
oped pain in the left popliteal region 

Upon admission to the Presbyterian Hos- 
pital on March 6, 1947, the patient was found 
to have a tender pulsating mass occupying the 
lower 2/3 of the left popliteal space A loud 
systolic bruit was heard over the mass There 
was distention of the superficial veins of the left leg below the knee Pulsations in the 
left dorsalis pedis and posterior tibial arteries were good The oscillometnc readings 
from the lower 1/3 of the left leg at a pressure of 80 were two in comparison with for 
the right leg at the same pressure and level (The right femoral artery had been oper- 
ated upon for aneurysm years before ) 

The left leg was placed m extreme elevation Large doses of codeine were required 
for the relief of pain An alcoholic sympathetic ganglia block was done on 1, 2 and 3 left 
lumbar ganglia A dry and warmer foot resulted 

On March 13, 1947, the popliteal aneurysm was operated upon Through an intra- 
saccular approach a lo-centimeter vein graft, taken from the superficial femoral vein of 
the same leg was employed to bridge the defect m the lower popliteal artery A 5 mm 
ntallium tube was used to mount the vein graft proximally and a 4 mm tube distally 
A. good pulsation was felt in the left dorsalis pedis artery at the conclusion of the 
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Fig 4 — A lateral X-ray of the knee 
region of the leg in Case 3 Note the 
vitallium tubes and the presence of 
calcification in the wall of the artery 
proximal to the upper tube 
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operation On the day following operation the distal pulse remained good and the 
osallometric reading from the lower 1/3 of the left leg was divisions at a pressure 
of 80 On the third postoperative day the oscillometric readings are two divisions at 
80 mm pressure — representing a rise to the preoperative level At 10 days postoperatively 
the wound is healing by primary intention and the oscillometric readings are being 
maintained 

DISCUSSION 

There are some points of interest that would seem worth while discussing 
m connection with these four cases 

In Case i, for example, all observers agreed to the absence of a palpable 
pulse over the posterior tibial artery following operation but agreed that, on 
occasion, a faint pulse could be detected over the dorsalis pedis artery Dunng 
the above convalescent period the presence of oscillometric readings of 
division from the distal % of the leg was taken as strong evidence of patency 
of the anastomosis This evidence was finally confirmed by arteriography 

Similarly, Case 2, the patient who for six months had had, upon exercise 
symptoms of insufficient blood flow due to aneurysm with complete occlusion of 
the left common femoral artery, likewise had no certain palpable pulsations in 
the pedal arteries following a restorative operation Again, as in Case i, the 
oscillometer affoided dependable evidence (as confirmed by arteriography) of 
the status of the arterial anastomosis The collateral circulation about the 
obstructed common femoral artery in this case before operation afforded an 
oscillometric reading that barely constituted a flicker of the needle After 
restoration of blood flow by operation, an oscillometric reading of division 
from the distal % of the leg has been maintained 

It IS granted there are factors affecting oscillometric readings such as 
degree of arteriosclerosis, vasomotor tone blood pressure, etc That must be 
taken into consideration when comparing readings between different individ- 
uals Due to the ages of Cases l and 2 it seems unlikely that arteriosclerosis is 
an important factor In neither Case i or 2 had the vasomotor factor been 
neutralized by sympathetic interruption Case 2 does have the low systolic 
blood pressure frequently encountered in rheumatic mitral disease 

Notwithstanding the above it is not unreasonable that the comparative 
differences in oscillometric readings between cases i and 2 is m the major part 
accounted for on the basis of the size and location of the arterial anastomoses 
For example, considering the fact that readings were taken from the distal % 
of the leg in each case, it is but logical that the distance between the site of 
the anastomosis and the oscillometer plus the fact that the artery enlarges 
proximal-ward would, when m addition the size of the anastomosis is consid- 
ered, greatly affect the magnitude of the oscillations It is not surprising then 
that an anastomosis of the common femoral artery employing a 4 mm vitallium 
tube, as in case 2, should yield an oscillometric reading of just half the mag- 
nitude of that afforded by a 5 mm tube anastomosis of the superficial femoral 
at a more distal level, as obtained in case i Case 2, it may be recalled, regis- 
tered an oscillometric reading of division m comparison with ^ division in 
case I 
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Of more importance, demonstrating the relatively greater effect the size 
of the vessel distal to the anastomosis has upon the magnitude of the oscilla- 
tions, IS the greater contrast with Case 4 A defect m the popliteal artery was 
bridged by a vein graft employing a 4 mm. tube on the distal end In this case 
the anastomosis yielded an oscillometnc reading of two divisions from the 
distal % of the leg Other possible factors affecting the oscillometnc readings 
in Case 4 is (i) the patient’s age, (50 years) — some 10 years older than Cases 
1 and 2 (2) Interruption of the sympathetic nerves to the extremity 

It IS of further interest to state that analysis of the four cases operated 
upon employing the vein graft inlay technique revealed the salvage of all 
important collateral vessels 


CONCLUSION 

The importance of restoring a pulsating arterial blood flow for the complete 
restitution of function in legs with damaged or diseased primary arteries was 
long ago emphasized by Matas^ and Makins ® More recent evidence has been 
brought to bear on the subject by Bigger,^ Maybury,® Freeman,® Heringman,’’ 
and the author ^ 

In the light of the above facts it is to the best interest of the patient to 
restore a pulsating arterial blood flow if it can be accomplished without damage 
to important collateral vessels 

Endoaneurysmorrhaphy employing a vein graft inlay restores a pulsating 
arterial blood flow without damage to important collateral vessels 
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THE “BORROWING-LENDING” HEMODYNAMIC PHENOMENON 
(HEMOMETAKINESIA) AND ITS THERAPEUTIC APPLIGA- 
TION IN PERIPHERAL VASCULAR DISTURBANCES* 

Michael E DeBakey, M D , George Burch, M D , 

Thorpe Ray, M D , and Alton Ochsner, M D 

New OnLEANS, La 

PROM THE DEPARTMENTS OF SURGERY AND OF MEDICINE 
TULANE UNIYERSITY OF LOUISIANA SCHOOL OF MEDICINE 
AND THE OCHSNER CLINIC NEW ORLEANS LOUISIANA 

It is now a well established fact that the volume of organs undergoes 
spontaneous, and even rhythmic, variations, primarily attributable to changes 
m the volume of the blood within the particular part When more refined 
technics of plethysmography were developed, it became practical to carry out 
accurate quantitative studies of the fluctuations in volume m such peripheral 
parts as the pinnae, the fingeis and the toes, and thus to secure much valuable 
information under noimal resting conditions as well as in diseased states 

There are still numerous gaps in our knowledge of the precise nature of, 
and the numerous factois involved m, this mechanism, but certain facts have 
been established which not only have a fundamental physiologic significance 
but which also appear to have a definite beaiing upon certain clinical condi- 
tions It is the purpose of this communication to consider these facts as the 
basis of a concept which we have chosen to call the “borrowing-lending” phe- 
nomenon and for which we are suggesting the term hemometakinesia We 
believe that this concept will piovide a more rational approach than now exists 
tow^ard the management of disturbances in the peripheral vascular circulation 

plethysmography 

The plethysmogram, which is the completed record of the plethysmograph, 
IS essentially an ordinary type of Cartesian coordinate, with volume i epresented 
on the ordinate and time represented on the abscissa It is thus a record of the 
changes in volume, in relation to time, of the particular part enclosed in the 
extremity cup These recorded volume changes are the algebraic summation 
of many volume changes occurring in various degrees and directions in many 
different portions of the enclosed part ^ Essentially, however, the changes in 
volume of the part represent changes in the volume of the vascular bed of 
the part 

Systematic studies with the plethysmograph have established the fact that 
small blood vessels in such peripheral parts as the pinnae, the fingers and the 
toes undergo spontaneous variation m volume The resting individual, in a 
comfortable environment, presents at least five types of rhythmic changes in 

Aided by grants from the Life Insurance Medical Research Fund, the Hells Institute 
for Medical Research, and the Mrs E J Caire Fund for Research m Heart Disease 

Read before the American Surgical Association, The Homestead Hot Springs 
Virginia, March 27, 1947 
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volume^- 2 as follows (i) pulse deflections, (2) respiratory deflections, (3) 
alpha deflections, (4) beta deflections, and (5) gamma deflections (Figs r-4) 
These changes which are conveniently (and arbitrarily) expressed as per 5 cc 
of part, range m volume from less than o i to 350 or more cu mm 

Ptdse DefiecHons — Pulse deflections are obviously produced by the heart 
beat They represent, in the mam, the changes in volume of the part brought 
about by the blood delivered into the part with each heart beat (Fig i) The 
volume of the pulse deflections vanes considerably, but in the normal resting 
individual the mean values have been found to be 6 9 cu mm m the tips of the 
fingers, 4 o cu mm m the tips of the toes, and 4 i cu mm m the pinnae ^ The 
frequency of pulse deflection vanes with the heai t rate 
It is generally accepted that these 
changes m volume occur primarily 
within the arteries and arterioles, but 
it IS believed that relatively large vol- 
ume changes probably occur within 
the capillaries also, because of their 
number and total volume It also 
seems likely that the veins and venules 
contribute to the pulse volume deflec- 
tions It IS even possible that the vol- 
ume changes within the arteriovenous 
anastomoses, capillaries, veins and 
venules in combination are of greater 
importance than those within the ar- 
teries and arterioles 

Respnatory Deflectwns — Respir- 
atory deflections, which represent va- 
riations in volume occurring with the 
normal respiratory cycle, are most 
highly developed in the pinnae and 
least well developed in the toes (Fig 
I ) Their volumes vary from less than o i to 5 cu mm per 5 cc of part ^ 
The respiratory deflection depends primarily upon the variations m the 
venous return to the heart brought about by respiration Parallel with the 
increase in venous flow produced by inspiration there occurs a relatively rapid 
emptying of the venous blood from the part and a resultant decrease in its 
volume With expiration, on the other hand, the relatively rapid rate of 
venous flow is retarded, and there is a resultant relative increase m the volume 
of the part 

Other factors possibly play a role in this mechanism, but too little is known 
about them at this time to warrant further comment Of particular interest, 
however, is the special type of respiratory deflection which occurs in the fingers 
and toes immediately following a deep inspiration ^ There is first a spon- 
taneous, sudden decrease in the volume of the part, varying from 5 to 105 
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Fig I — Plethysmogram of normal indi- 
vidual showing pulse deflections (reflecting 
the heart beats) and respiratory deflections 
which are represented by variations in the 
base line Heavy white vertical lines indi- 
cate an elapsed time of IS seconds 
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cu mm , and more prominent in the fingers than in the toes At the same time 
the pulse deflections also show a decrease in volume. Shortly after these phe- 
nomena are observed, vasodilatation begins and continues until the previous 
pulsatile charactenstics are resumed Before vasodilatation is complete, how- 
ever, a series of small alpha waves appear, varying from 2 to 8 cu mm After 
two or more successive deep inspirations, the extent of the response is pro- 
gressively diminished until eventually a sort of tachyphylaxis occurs and vaso- 
constriction cease to appear The volume change is lessened as the interval 
between inspirations is shortened The volume change is not necessarily con- 
cordant , it may show either an increase or a decrease Interestingly enough, 
It IS not as definite, as predictable or as large in the pinnae as in the fingers 
and toes 

Alpha Deflections — ^Alpha deflections, which occur less frequently than 
respiratory deflections, are usually smooth in contour, but are not uniform 
(Fig 2) They vary in frequency and size, with a tendency toward an inverse 
relationship The mean frequency has been found to be 7 9 per minute in the 
finger tips, 7 7 m the toes, and 8 6 in the pinnae,^ and the mean volume for 
these respective parts has been found to be 14 5, 7 i and 6 6 cu mm ^ Alpha 
deflections seem to vary from person to person, and even in the same person 
variations in the different peripheral parts are not necessarily concordant 
\lthough they are independent of variations in arterial pressure,^ these 
deflections are predominantly under the control of the sympathetic nervous 
system, they almost entirely disappear following interruption of sympathetic 
pathways ^ 

The volume changes represented by alpha deflections are due essentiall> 
to variations in volume of the blood within the part, but their frequency sug- 
gests the possibility that variations in lymph volume may be a contributing 
factor The studies of Webb and_NicolF on the bat’s wing showed that con- 
tractions of the lymphatics are responsible for much of the flow of lymph, and 
McMaster’s studies^’ ® on other animals support these observations Whether 
or not similar contractions occur in man is not known, but the frequency and 
rate of the lymphatic contractions observed in animals are of such a character 
as to permit them to be responsible for some part of the alpha deflections 

Alpha deflections indicate gross or total changes in the vascular bed slower 
than those produced by the pulse and respiratory deflections Only a limited 
portion, and not necessarily all, of the vascular bed may undergo such volume 
changes at one time Although the function of these shifts of blood volume is 
not now known, some significance seems apparent ^ 

Beta Deflections — Beta deflections are larger waves upon which is super- 
imposed the succession of smaller alpha deflections (Fig 3) They vary in fre- 
quency from one-half to two per minute and their volume range is from 5 to 
60 cu mm ^ They have been observed in all parts studied Their frequency 
and volume are totally irregular, but they tend to vary concordantly in the 
fingers, toes and pinnae Beta deflections are also considered to represent pri- 
manlv volume change"; in the vascular bed but as is also true of alpha 
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deflections, a significant part of these changes may be due to variations in 
lymph volume It is possible, m addition, that changes in intercellular and 
intracellular volume contribute to them 

Gamma Deflections — Gamma deflections (Fig 4) develop more slowly 
than any of the other deflections They are probably concerned with large, and 
usually with relatively slow, shifts in blood volume from one part of the body 
to another They lange m frequency from one to eight per hour and in volume 
trom 50 to 350 cu mm ^ Although the relationship is not necessarily constant, 
they show a tendency to vary concordantl)'^ in the fingers, toes and pinnae 
Like the other deflections, the gamma waves are predominantly the result of 
changes in volume of the vascular bed of the pait, with variations m lymph 
volume probably contributing significantly to the volume change 

NOHMAL VARIATIONS IN IHE PEETHl SMOGRAJI 

The plethysomograms of normal individuals under certain circumstances 
present variations of considerable degree which ma}’- resemble the changes 
tound in diseased states For this reason it is desirable to review them briefly 
Of particular importance among the factors which may produce such changes 
are (i) the psychic state of the individual, (2) the environmental temperature 
(3) the relation of the part to the heart level, and (4) interruption of the 
sympathetic pathways to the part 

Psychic State — Both the pulse and the alpha deflections may be greatly 
influenced by the psychic state Fear, anxiety, or tenseness on the part of the 
subject, even as a reaction to the study, tend to produce a diminution in the 
pulse and alpha deflections and an increase in the rate of pulse deflections,'^’ ® 
apparently as the result of an increased sympathetic activity associated ivith 
the psychic disturbance which causes an increase in A’asomotor tone Any 
change in the mental state may affect the character of the spontaneous volume 
deflections Flushing or blushing, for instance, is associated with an increase 
m the volume of the pulse deflections and a decrease in the alpha deflections, 
while if the individual is comfortable and relaxed, the volume of the pulse 
deflections is moderate and that of the alpha deflections is relatively large 
Envii onmental Temperatme — The spontaneous volume deflections are 
considerably influenced by the environmental temperature Chilling the sub- 
ject, either by local applications or in a cool room, produces vasoconstriction 
and a consequent reduction in the volume of the pulse and alpha deflections 
In general, the degree of vasoconstriction is proportionate to the degree of 
chilling After prolonged chilling, vasodilatation may supervene, the result 
being an increase in the volume of the deflections, in which the alpha deflec- 
tions usually exhibit a relatively greater change than the pulse deflections 
With prolonged chilling, however, a negative gamma deflection also occurs, 
indicating a slow but definite over-all decrease in the volume of the part As 
the part warms, a positive gamma deflection appears, indicating restoration of 
local blood volume and an over-all increase in the volume of the part 

The application of heat either locally or in a heated room, has the reverse 
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effect, that is, vasodilatation occurs, with a consequent increase m the volume 
of the pulse deflections and a decrease in the alpha deflections, while a positive 
gamma deflection appears, indicating an over-all increase m the volume of 
the part 

It has been suggested^ that these leactions serve as good tests for organic 
occlusive aiteiial and arteriolai disease In such conditions as thrombo-angiitis 
obhteians and obliterating aiteiiosclerotic endaiteritis the vasodilating re- 
'^ponses aie impaiied or absent The effort to produce vasodilatation in the 
r.nger tips or the tips of the toes by the application of heat to another exti emity 
tests the patency of the aiteiies and peripheral blood vessels to the pait under 
investigation, as well as its nemovascular mechanism 

Relation of Pait to Heait Level — Spontaneous volume deflections are 
influenced by the position of the part in relation to the heart level A decrease 
ni volume of the pulse and alpha deflections may be produced by placing the 
part below heait level, the decrease being generally proportionate to the degiee 
of lowering of the pait The pooling of blood and lymph m the dependent part, 
as a result of gravity, produces a positive gamma deflection 

The exact explanation of the deciease in volume of the pulse deflection has 
nut been definitely established, but tw o factors, either alone or m combination, 
may account for it The first is arteriolar constriction The second, and more 
likely, is distention of the vessels, with a diminution m further distensibility of 
the vessel walls ® 

Elevation of the part above heart level produces results just the opposite 
of those produced by dependency, that is, there is a pronounced increase in the 
volume of the pulse deflections, and, as a consequence of the diainmg out of 
the blood within the part, a negative gamma deflection Obviously, for stand- 
ard recordings, the part should be kept at or near heart level 

Intel niption of Sympathetic PatJnvays — The interruption of impulses ovei 
the sympathetic pathways produces profound changes m the spontaneous 
volume deflections Within a few minutes after the regional sympathetic nerves 
or ganglia have been blocked by infiltration with i per cent procaine hydro- 
chloride solution there is a marked increase m the volume of the pulse deflec- 
tions and a virtual disappeaiance of the alpha deflections The latter phe- 
nomenon wmuld be expected, since these deflections are dependent upon intact 
sympathetic pathways 

It has been our observation that sympathetic block produces a maximum 
degree of vasodilatation in the part, w^hich cannot be exceeded, and which is 
seldom equaled, by any other clinical procedure Duimg the early phases of 
sympathetic block the resulting engorgement of the vascular bed within the 
part produces a positive gamma inscription 

Sympathetic block furnishes another significant diagnostic test By this 
means it is easy to determine the degree of the normal, or, in certain condi- 
tions, of the abnormal, vasoconstrictor tone and the extent of vasodilatation, 
or the general order of the amount of increase in vascularity of the part which 
can be achieved by interruption of the sympathetic pathw^ays 
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THE “borrowing-lending” HEMODYNAJIIC PHENOMENON 

(hemometakinesia) 

From what has been said, it is evident that spontaneous variations are 
constantly taking place in the vascular bed in different parts of the body, with 
resulting changes in the distribution of the blood volume These changes may 
occur in widely separated parts of the body They may be rhythmic, con- 
cordant, or discordant They may be produced by intrinsic factors not yet well 
understood, or they may be influenced by various internal and external stimuli 
Fundamentally, they indicate a continuous shifting back and forth of blood 
from one part of the body to another 

It has been repeatedly demonstrated that there are spontaneous variations 
m the volume of certain internal organs, as well as in the volume of superficial 
structures Experimental studies in animals have demonstrated intermittency 
or irregularity in the blood flow of the renal glomeruli,^® tongue and skeletal 
muscles,^^ and ear Further experimental studies on the circulation in various 
organs by Zweifach^® and Chambers and Zweifach^'^ have confirmed the inter- 
mittency of blood flow in various parts of the body, a phenomenon which these 
workers term vasomotion The spontaneous variations in splenic volume 
reported by several observers^® are of a magnitude and frequency comparable 
to those of the beta and gamma deflections observed in pleth3'’smographic 
studies of human subjects 

The alpha, beta and gamma deflections observed on plethysograms clearly 
indicate that spontaneous shifts in the blood flow are constantly taking place 
within the vascular sj^stem There is evidently a continuous “borrowing and 
lending” of blood (hemometakinesia) to meet variations in local requirements 

The volume of the vascular system is quite variable within certain limits 
In the average normal individual (a 70'kg man) the system is filled with 
approximately SA^ cc of blood'® at a pressure which varies from 120 to 80 
mm of mercury, with a mean pressure of about 93 mm Great variations can 
take place in the vascular bed within a relatively short period of tune, especially 
m isolated parts of the body, but the total blood volume, under ordinary con- 
ditions, remains relatively constant 

The vascular volume of a finger or toe can be observed to double in size 
within a matter of minutes The filling of this augmented vascular bed with 
blood, however, obviously does not imply the doubling of the total blood volume 
of the body, nor is there reason to believe that there exists in the body a special 
reservoir of blood for such purposes Yet the blood must come from some 
source The obvious explanation is that is has come from the vascular bed of 
other parts of the body It is achieved without any alteration at all in the total 
blood volume, by adjustment of the vascular bed (Fig 5) An increase in the 
volume of the vascular bed in one part of the body and a decrease by the same 
amount in another part increases the volume of blood in the former at the 
expense of the latter without any variation m the total blood volume (Fig 5) 

With disease, local needs may increase and may remain elevated for long 
periods of time Should an infection develop m a finger, for instance, blood is 
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shifted into the finger at the expense of other parts of the body with less urgent 
demands, and inflammatory hyperemia results. The shift is probably brought 
about by the local release, as a consequence of infection, of substances which 
produce arteriolar, capillary and venous dilatation In other words, the "stop- 
cocks” are opened locally in the finger and more blood is borrowed temporarily 
from other parts of the body to aid in overcoming infection 


Qemctinciet' OF Bo<d.L( 



Fig S — Schematic representation of the "borrowmg-Iendmg" hemodi - 
namic phenomenon (hemometakinesia) Cubes are drawn to scale to represent 
volume of vascular bed in different parts of the body A Normal vascular 
bed, assuming a total blood volume of 5,400 cc B Vascular volume when 
component parts are all doubled C Vascular volume when blood volume of 
only one part, the finger tip, is doubled, with this increment of blood being 
derived or “lent” from tlie “remainder of body ” It is apparent, when B and 
C are compared to A. the normal, that the same purpose is achieved m C as 
m B, the doubling of the blood volume of the finger tip, with no variation m 
the normal relationship in C but with obvious disturbance of it in B 

The amount of blood borrotved in this hypotlietical case is relatively small, 
perhaps i cc , but it is sufficient to double, approximate!}’-, the normal local 
blood volume An increase of this extent, however, in the blood supply of the 
finger does not disturb the general blood volume nor its hemodynamics No 
effort IS made by the body to double its general vascular volume in order to 
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double the volume m the finger The body mechanisms do not produce for this 
purpose a generalized vasodilatation This would not only be unnecessary It 
would actually defeat the purpose Were the vascular bed suddenly to double 
in volume, a great disproportion would develop, with equal suddenness, be- 
tween the volume of the bed and the available supply of blood, and the subject 
as a result, would collapse (Fig 5) 

With the total blood volume relatively fixed, it would be impossible to 
increase the circulating blood volume in any single part or tissue if there were 
a comparable increase in the volume of the entire vascular system Further- 
more, if the volume of the entire vascular bed were suddenly to double, and if 
the volume in one part, such as the hand, trebled, the drop in the inti avascular 
pressure or blood pressure would be so great that the blood flow in the hand 
would be impaired rather than improved 

On the other hand, in the absence of generalized vasodilatation, even with 
maximum local vasodilatation the pressure head m the arteiial system can be 
maintained, thus permitting m the local part an increase in volume of blood 
flow per unit of time A response such as this is inevitable in order to obey 
fundamental principles of hemodynamics and at the same time to maintain 
normal circulation 

These spontaneous variations m blood volume in different parts of the body 
quite evidently are not mere chance occurrences They seem, instead, to be part 
of a well regulated mechanism, with definite order and significance, concerned 
with certain vital functions such as proper thermal regulation, nutrition, repair, 
hemodynamics and other physiologic adjustments 

It IS conceivable that at least a part of this significance lies in the attempt 
by the body to utilize its total blood volume in the most efficient possible man- 
ner Obviously, the total blood volume m the body at any one time is too small 
to meet the maximum demand of all the tissues at the same time should a dis- 
ease state arise to precipitate such a situation On the other hand, it is more 
than sufficient to meet urgent local demands for large quantities of blood in 
isolated parts such as a finger, hand, foot, or even an entiie extiemity 

SPECIAL STUDIES 

Numerous observations made upon normal individuals as well as on 
patients with various forms of peripheral vasculai disease have invariably been 
consistent, regardless of the methods employed to determine and record vaiia- 
tion m blood flow Special studies have been made by thermometric and 
plethysographic methods 

These studies are done routinely, under controlled atmospheric conditions, 
in a room constructed to reduce psychic disturbances Following rest in bed 
for a sufficient period of time to permit stabilization of the vascular system 
plethysmograms are obtained for the distal phalanges of the fingers and toes 
(usuall}’^ the index finger and the second toe) as well as of the pinnae Ther- 
mograms are obtained for these parts as well as for other areas , a total of 20 
areas, distributed bilaterally and symmetrically, is usually obseiwed Plethys- 
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mographic and thermometric observations are usually made simultaneously 
The response to such measures as interruption of sympathetic innervation, 
reactive hyperemia, drugs, environmental and local temperature changes, and 
psychic and neurogenic factors are observed as reflections in the plethysmo- 
grams and thermograms 

Observations made upon two patients, selected from the large number 
upon whom these studies were made, are presented to illustrate the “borrow- 
ing-lending” phenomenon (hemometakinesia) 

First Patient — G Y , a white male 45 years of age, suffered with mild intermittent 
claudication due to early senile arteriosclerosis Plethysmographic and thermometric 
studies were made after the patient had rested in bed m the observation room (room 
temperature 78° F , relative humidity 70 per cent) for 60 minutes The skin temperature 
determinations were made bilaterally for the third toe, the dorsum of the foot, the mid 
pretibial area, the knee, the mid thigh, and the chest The plethysmographic determina- 
tions were made for the distal phalanges of the right index finger and for the second 
toe on each side After a state of stabilization had been reached, a left lumbar sympa- 
thetic block (first through fourth ganglia) was performed with i per cent procaine 
hydrochloride solution 

Within a few minutes after the performance of left lumbar sympathetic block the 
following events occurred simultaneously (Fig 6) 

1 A rapid elevation of the skin temperature of the left leg, with marked flushing 

2 A significant increase in the volume of pulse deflections of the left second toe 

3 An increase in the total volume of the tip of the left second toe 

4 A fall in the skin temperature of the right leg and the chest 

5 A decrease in the volume of the pulse deflections of the right second toe and right 
index finger 

6 A decrease in the total volume of the tip of the right second toe 

These changes indicated a marked vasodilatation in the left lower extremity after 
sympathetic block, with a considerable increase in the volume of blood and rate of blood 
flow Blood was “borrowed” by the left leg at the expense of the remainder of the body 
It was “lent” by the right leg and right index finger, as indicated by the cooling of the 
skin and the decrease in volume of pulse deflections and the total volume of these parts 

The expense of the shift, however, was not borne entirely by the right leg and right 
hand, since the vascular changes indicating a decrease in blood volume and blood flow 
were not as great as those reflecting the increase in the left leg This might be expected 
When relatively large quantities of blood are shifted to a part as large as the lower 
extremity, no single part of the body would be expected to suffer the entire loss, even if 
it were capable of “lending” it all An index finger obviously would not be able to meet 
the whole demand, even if all its blood were shifted to the leg Furthermore, if all the 
blood of a part such as the finger were shifted to the area of special need, the lending part 
would suffer serious damage from ischemia Normal physiologic adjustments provide a 
mechanism whereby no organ is made to give up or “lend" its blood to an extent which 
would produce serious injury Depending upon the quality and quantity of the shift, every 
organ that can afford to “lend” blood elsewhere does so Under ordinary circumstances, 
however, each organ gives up only a small fraction of blood, and the changes reflecting 
a decrease in blood supply are relatively small in any one part under observation 

Second Patient — H, a Negro male 34 years of age, who was suffering \\ith a 
marked anxiety neurosis, was subjected to the same tests as the first patient and was also 
studied by certain additional procedures A venipuncture was performed initially, i\ith 
much deliberate manipulation, in order to produce pain and anxiety and to induce psychic 
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Fig 6 — Surface temperature and pulse volume 
responses to left lumbar sympathetic block. It is 
obvious from the chart that following the block there 
was vasodilatation with increased blood flow in the 
left lower extremity, indicating the “borrowing," 
while on the right side there is evidence of diminished 
blood flow, indicating “lending” of blood 


Aiuittia durireri 
Oecembor 1947 


860 



Vutiuue lit 

Vumber 6 


PERIPHERAL VASCULAR DISTURBANCES 


tension and consequent diffuse vasoconstriction After the vascular state had been stabil- 
ized at the level of vasoconstriction, 5 cc (500 mg ) of tetraethylammonmm chloride was 
injected intravenously Then, after sufficient time had elapsed for the reaction to subside, 
a left posterior tibial nerve block was performed, using i per cent procame hydrochlonde 
solution. Two and a half hours later, a left lumbar sympathetic nerve block (first through 
fourth ganglia) was performed, using the same drug 
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Fig 7 — Graph showing thermometric and plethysmographic changes following injec- 
tion of tetraethylammonium chloride (T T A ). left posterior tibial block and left 
lumbar sympathetic block 


The phenomena observed in the first patient are still further clarified by the results 
obtained in the second patient (Fig 7) 

The anxiety following the traumatic venipuncture resulted in considerable decreases 
m skin temperature, m the volume of pulse deflections, and in the total volume of the tips 
of the finger and toes studied All these findings are evidence of diffuse vasoconstriction 
After the admimstration of tetraethylammonium chloride, which has been reported to 
produce vasodilatation.^^ there was little or no change in the skin temperature or in the 
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volume of the tips of the second toes, and only a slight increase in the volume of the pulse 
deflections of the finger and toes studied Very little vasodilatation was to be expected 
With generalized vasodilatation, each organ must "lend” and "borrow” at the same time, 
which IS impossible unless the blood volume or cardiac output or both are increased to 
meet the demands occasioned by diffuse dilatation Any drug which is a strong vasodilator 
would be expected at least to restore the state of the blood vessels of the superficial 
portions of the body to resting normal levels, which tetraethylammonium chloride did not 
do in this case Furthermore, there is no evidence to show, nor any reason to expect, the 
sympatheticolytic effects to be greatest where the sympathetic tone is greatest If the drug 
acts equally throughout the sympathetic ganglia, diffuse vasodilatation would be expected 
to result in little change m the blood supply to a particular part unless blood volume or 
cardiac output or both were increased 

Following left posterior nerve block the following changes were observed (Fig 7) 

1 An increase in the skin temperature of the left first toe 

2 An increase m the volume of pulse deflections of the second toe 

3 An increase m the total volume of the tip of the left second toe 

There were no changes on the right The changes on the left, it should be noted, 
occurred in spite of tlie patient’s state of anxiety and after the administration of tetra- 
ethylammonium bromide had failed to produce vasodilatation Since the amount of blood 
that would be borrowed by a part as small as a foot to meet even maximum vasodilatation 
IS relatively small, no measurable evidence of “lending” would be expected to be observed 
m other portions of the body, especially since each part might participate in supplying only 
a very small amount of blood 

At the end of two and a half hours there was relatively little change in the state of 
the circulation under observation When left lumbar sympathetic block was done at this 
time, the following changes occurred 

1 A further increase in the temperature of the skin of the left leg and thigh 

2 A further increase in the volume of pulse deflections of the left second toe 

3 A further increase in the total volume of the tip of the left second toe 

4 A slight decrease in the volume of pulse deflections of the right second toe 

5 A slight but definite decrease m the temperature of the areas with intact sympa- 
thetic innervation 

After left lumbar sympathetic block, the volume of blood shifted to the whole left 
leg was evidently much greater than that following tibial nen^e block, and, as in the first 
patient, evidence of a shift of blood from the right leg and right hand were obtained 
(Figs 6 and 7) 


DISCUSSION 

The evidence now at hand seems to justify the following statements 

1 There is a continuous shifting back and forth of blood from one part of 
the body to another 

2 The “borrowing” and “lending” of blood (Jtemometakinesxa) from tissue 
to tissue to meet variations in local requirements seem indicative of a well 
regulated mechanism which permits the body to utilize its limited total blood 
volume in the most efficient manner 

3 The essence of this mechanism seems to he in the control and regulation 
of the vascular bed, which permits an increase in the volume of blood of one 
part of the body with a corresponding simultaneous decrease in the volume of 
blood in other parts 

4 The variation of the blood volume in different parts of the body does not 
involve any alteration in the total blood volume 
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5 V anations in cardiac output, how ever, can produce changes in blood flow' 
to a part independent of changes in blood volume 

The application of these principles of hemodynamics to peripheral vascular 
disease immediately suggests itself Peripheral r ascular disease is characterized 
by a disturbance of, or actual diminution in, the normal amount of circulating 
blood w Inch reaches the part, and its effective therapy is based on improvement 
in the circulation or an increase in the blood supply of the part Therapeutic 
measures designed to produce dilatation of the entire vascular bed do not seem 
rational for a disease state localized to a single peripheral part, but m spite of 
the illogic of the attempt, there are numerous reports concerning the production 
of generalized vasodilatation as a form of therapy for peripheral vascular dis- 
ease involving portions of the body The results of these efforts are open to 
question, theoretically such measures are inefficient Moreover, even if an 
effectne agent, i e , with the ability to produce maximum vasodilatation, for 
this purpose did exist, its effects w ould be dangerous , the reaction would be 
shock-like, and the original purpose of increasing the blood suppl) to the local 
part would be completely defeated 

In view of the lack of rationale m peripheral vascular disease of the use of 
agents intended to produce generalized vasodilatation, quite aside from their 
ineffectiveness and theoretical dangers, the attention should be concentrated 
on measures w Inch produce local ^ asodilatation The best of these measures, 
in our experience is s} mpathetic deneiwation of the affected part It is rational, 
because it conforms with the principles of hemodynamics just laid down, it 
produces local vasodilatation insuring maximum improvement in the local 
circulation of the diseased part It is safe, because it does not reduce the 
arterial blood pressure or produce serious systemic disturbances by the sudden 
creation of a disproportion between the total volume of the vascular bed and 
the total blood volume Finallj, it is effective Theoretically, when this pro- 
cedure IS used, there should be a definite and significant increase in blood sup- 
ply to the diseased part Practically, there is such an increase, as is demon- 
strated b}' the t^^ o cases presented in this communication, which w ere selected 
from a large experience 

Indeed, w e have yet to find a general vasodilator which could produce in a 
local part, such as the toes, fingers, foot, hand, or extremity, vasodilatation 
equal in degree or duration to that produced by s}Tnpathetic denervation of 
the part 

stnvnLVRT 

I Although gaps still exist in our know ledge of the hemodynamics of the 
peripheral circulation under normal resting conditions and in disease states, the 
evidence at hand justifies certain statements 

A That there is a continuous shifting back and forth of blood from one 
part of the body to another ; for this "borrowung-lending” mechanism the term 
hemomefakmesia is proposed B That hemometakinesia seems to indicate the 
existence of a well regulated mechanism which permits the body to utilize its 
limited total blood volume in the most efficient manner to meet variations in 
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local requirements C That the essence of this mechanism seems to he in the 
control and regulation of the vascular bed, which permits an increase in the 
volume of blood of one part of the body with a corresponding simultaneous 
decrease in the volume of blood in another part without any alteration m the 
total blood volume 

2 It is suggested that these principles of hemodynamics are applicable to 
the management of peripheral vascular disease, the effective therapy of which 
is based on improvement in the circulation or an increase in the blood supply 
of the part Measures directed toward the improvement of the local circulation 
by production of dilatation of the entire vascular bed are of doubtful value, 
whereas measures directed toward local vasodilatation are in conformity with 
the natural “borrowing-lending” mechanism (hemometakmesia) 

3 The most effective method of increasing the local blood supply is sympa- 
thetic denervation of the affected part In addition, it is in complete con- 
formity with the concept of hemometakmesia 

4 Two cases, selected from a large experience, are presented to illustrate 
the concept of hemometakmesia and to demonstrate the value of sympathetic 
denervation as a therapeutic measure in peripheral vascular disease 
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ARTERIAL INJURIES* 

Morhis K Smith, M D 

Staten Isiand, N Y 

Wounds or major arteries m World War II proved unexpectedly serious 
as regards survival of the affected limb The experience of the past seemed to 
indicate that ligation of torn vessels in the course of debridement was m most 
instances the practicable method of handling these cases although suture repair 
and tube anastomoses had been reported The large number of amputations for 
ischemic extremities bi ought about efforts to suture arteries and to bridge 
gaps by tubes, or venous grafts aftei the method of Blakemore and Lord ^ 
While the value of these methods from the reports so far available, as well as 
from the series to be presented, cannot be proved statistically, the outcome in 
ihdfviduar cases is sufficientlv encouraging to warrant further tiial in civilian 
practice 

/The basis for this study consists of 114 wounds of majoi arteries seen ir 
' an EA'^acuation Hospital in the European Theater of Operations together with 
four primary cases operated on in a General Hospital m the same theater For 
purposes of comparison with other reports the Evacuation Hospital cases are 
tabulated separately The Geneial Hospital cases were not battle casualties 
They are presented after the others and included with them in the discussion 

MORTALITY 

Patients succumbing before, during or immediatel)'^ after operation have 
been omitted since the purpose of the study is the incidence of gangrene and 
measures to lessen it There were four such fatalities from hemorrhage and 
shock during the evacuation hospital period These included one wound of the 
iliac, two of the femoral and one of the popliteal 

Among the cases included in the series there were four deaths Two of 
these had come to amputation for gas gangrene, one died with anuria, and the 
fourth, a civilian woman, died suddenly the day after operation She had an 
amputation of the leg in addition to a wound of the brachial artery which was 
progressing quite satisfactorily In geneial, if a patient with a major vascular 
wound reaches a hospital his chances of life, if not of limb, are pretty good 
Results of injuries to the major vessels of the extremities appear in Table I 
An attempt was made to keep patients with extremities of doubtful viability 
until the issue was clear It was at times impossible, however, so that there 
may be some error in estimates although it is thought to be small Necrosis 
of fingers or toes sufficed to record the outcome as gangrene 

Reports from other Evacuation Hospitals ^ in the ETO substantiate 
the serious outlook for major arterial wounds as indicated in Table I On 

* Read before the American Surgical Association, March 25, 26 and 27, Hot 
Springs, Virginia 
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the other hand the much more favorable experience which some of the World 
War I figures show are due to inclusion of cases of arteriovenous and trau- 
matic aneurysms picked up m rear echelons Few of these in my experience 
were apparent at the evacuation hospital stage 


Table I 


EVACUATIOK HOSPITAL CASES 


Vessel 

Number 
of Cases 

Gangrene 

% Gangrene 

Axillary 

S 

2 

40 

Brachial 

51 

18 

35 

Femoral 

25 

20 

80 

Popliteal 

21 

15 

71 

Post tibial* (upper end) 

7 

4 

SI 

Ant and post tibials 

5 

2 

40 

Total 

114 

61 

54% 


♦ Wounds of the postcnor tibial in the lower part of the leg are not of themselves 
particularly dangerous and are not tabulated 


TREATMENT 

It IS obvious that a lateral tear only of the artery represents the condition 
most favorable for suture When a segment of the vessel is carried away so 
that a graft or tube is necessary to bridge the gap the outlook is much worse 
Last but not least the extent of damage to the surrounding tissues in which 
collateral circulation can carry on has probably been the most important factor 
m the loss of many limbs 

Table II summarizes the experience of attempts at arterial repair in the 
Evacuation Hospital series 


Table 11 




ARTERIAL REPAIR EVACUATION 

HOSPITAL CASES 







Suture 


Tube 


Vein 




% 

Vessel 

Suture 

Gang 

Anast 

Gang 

Anast 

Gang 

Graft 

Gang 

Total 

Gang 

Gang 

Brachial 

2 

0 

1 

0 



1 

1 

4 

I 

25 

Femoral 

2« 

1 

1 

1 

lb 

1 

1 

1 

5 

4 

80 

Popliteal 

1 

0 



2 

1 



3 

1 

33 

Post tibial 

1 

0 



1 

1 



2 

1 

SO 


14 7 SO 

• Both sutures of incision after removal thrombus 
>» Attempted after two days 


SUMMARY OF EVACUATION HOSPITAL CASES 

Brachial Artery (4 cases) — ^The brachial artery of an American soldier was torn 
half way across in the upper third The extremity was warm but pulseless Following 
suture of the vessel there was a good recovery 

An American soldier received multiple wounds, in one of which the lower brachial 
was divided except for a thin bridge of intima remaining posteriorly There was no pulse 
and no oscillometnc reading in the extremity although it was fairly warm The vessel 
was sutured about 15 hours after injury A day after operation the radial pulse and small 
swings of the oscillometnc needle were noted 
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A German civilian woman suffered multiple mine wounds including division of the 
brachial in the lower third The vessel was sutured 24 hours after injury The next day 
the pulse was faintly perceptible and on oscillometnc examination there were flickers of 
the needle The patient died suddenly, 36 hours after injury Postmortem examination of 
the anastomosis showed a soft non-adherent clot extending one centimeter upward and 
two down 

An American soldier received a severe wound of the arm, dividing the brachial artery 
and the median nerve in the upper third and fracturing the humerus The extremity was 
cold and pulseless Six hours after injury the gap in the artery was bridged by a vein 
graft using vitallium cuffs The hand never became warm, nor was any pulse perceptible 
At the time of evacuation six days after operation the fingers and thumb were black 

Femoral Artery (5 cases) The femoral artery of an American soldier was divided in 
Hunter’s Canal The foot was cold The gap between the vessel ends was bridged by a 
vein graft with vitallium cuffs No distal pulse was obtained subsequently At transfer 
on the I2th day it appeared that at least part of the foot would be lost 

A German boy of eight was brought in with a wound in which the distal end of the 
femoral artery had been divided End-to-end suture was done It appeared that he would 
eventually come to amputation when he was evacuated on the 5 th day 

An American soldier was admitted with an extensive wound of the upper thigh in 
which the superficial femoral artery was found to be thrombosed shortly below the pro- 
funda branch As the foot was warm it was hoped that the circulation would remain 
adequate In the course of the next 48 hours the foot became cold and an attempt was 
made to save the situation by a tube anastomosis In view of the time elapsed this was 
ill-advised There was no benefit and amputation became necessary 

Two American soldiers with thrombosis of the superficial femoral were treated by 
incision of the artery, removal of the thrombus and suture In one of these men a faint 
pulse was felt distally 45 minutes after operation and thereafter could be obtained on 
careful examination The other man had in addition to his femoral thrombosis a fracture 
of the femur When discharged on the 7th day he had gangrene of the first and 
second toes 

Popliteal Artery (3 cases) An American soldier was admitted with a gaping wound 
of the popliteal space The femur was fractured and the artery divided with ends far 
apart The opposite femur also was fractured The gap m the popliteal artery was 
bridged by a plastic tube 24 hours after injury The veins of the foot were observed to 
fill and color appeared in the skin Twenty hours after operation the foot was warm but 
eight hours later had become cold again and went on to gangrene The patient died on the 
5th day with a progressive oliguria At autopsy the tube contained a soft clot which 
extended 4 to 5 cm into the artery above and below 

An American soldier suffered division of the popliteal artery by a small shell frag- 
ment which did little other damage The foot was cool rather than cold, pulseless, and 
the leg without oscillometnc response Eleven hours after injury a plastic tube anasto- 
mosis was done The pulse could be felt immediately after operation and good oscillometnc 
swings obtained. These continued until the 7th day when, without change in warmth of 
the foot, the distal pulse could no longer be felt nor could an oscillometnc reading be 
made On the 13th day the pulse could again be faintly felt The next day the tube was 
removed It was filled with clot The dorsalis pedis continued to be faintly palpable and 
the patient was evacuated with an intact extremity 

An Amencan soldier’s popliteal artery was tom about three-fourths through its 
circumference in the lower part of its course The laceration was sutured Postoperativeh 
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there was some pain and swelling in the leg but when the patient was evacuated on the 
6tli day he could move the toes, and the foot was warm 

Posterior Ttbtal Artery (2 cases-) An American soldier had his posterior tibial 
artery divided above the peroneal branch and both bones of the leg fractured by shell fire 
The extremity was cold A plastic tube anastomosis was done with no immediate nor late 
improvement and amputation had to be earned out four days later 

A German girl of 16 %vas brought in with a shell wound of the leg which fractured 
both bones, divided the anterior tibial artery and made a lateral wound m the posterior 
tibial in the lower third of the leg The pulses were absent m the foot which was dusky 
and cool At operation 10 hours after injury the posterior tibial was sutured Recovery 
was slow but by the 5 th day the foot was warm and the circulation was thought to be 
adequate 

In Table III the result of artenal repair as compared with ligation and 
senes as a whole is presented together with like data from other Evacuation 
Hospitals 


Table III 

Non-Suture 

Suture Anast Combined Ligation Whole Senes 

% % % 



No 

Gang 

No 

Gang 

No 

Gang 

Gang 

No 

Gang 

Gang 

No 

Gang 

Gang 

This study 

8« 

2 

6 

S 

14 

7 

SO 

S8t> 

32 

SS 

114« 

61 

54 

Rose, Hess & Welch i 

S 

0 

8 

6 

13 

6 

46 

70 

37 

53 

914 

45 

49 

Bradford & Moore 

6« 

1 

S 

3 

11 

4 

36 

87 

39 

45 

no 

46 

42 

Stewart 

0 

0 

S' 

2 

S 

2 

40 

33 

17 

52 

38 

19 

SO 

Totals 1 

19 

3 

24 

16 

43 

19 

44 

248 

12S 

SO 

353 

171 

48 


• Includes two cases thrombectomy 

“ A number of cases are omitted because the record does not speafy as to ligation 

• The discrepancy between the sum of those treated by operation and by ligation, 72, and the whole senes 
114 is made up of those in whom nothing was done to the vessel and m whom the records are not sufiRcientlj 
clear to classify, although it is probable that most of this group were ligated 

4 Cases of pnmary amputation omitted 

• Indudes one case thrombectomy 

• Dr Stewart reported two additional cases in which non-suture anastomosis was attempted but they are 
omitted from the table because they occurred at a penod previous to that from which the rest of hts senes 
was compded. 


In Table IV figures from the much larger senes of Odom^ and DeBakey 
and Simeone® are presented for comparison with these of Table III Doctor 
Odom was surgical consultant to one of the European Armies while the figures 
of Doctors DeBakey and Simeone were compiled from the records available in 
the Surgeon General’s Office 


Table I\ 

Non-Suture 

Suture Anast Combined Ligation Whole Senes 


% % % 

No Gang No Gang No Gang Gang No Gang Gang No Gang Gang 

Odom 42 23 28 14 70 37 S3 767 386 SO 857 423 SI 

DeBakey & Simeone R1 29 54 30 135 S9 44 1639 802 49 2471 995 40 

869 



MORRIS K SMITH 


Annals of Surgery 
December 1047 


SUMMARY OF GENERAL. HOSPITAL CASES 

A German prisoner was wounded by a small fragment of cartridge which exploded 
in a bonfire It divided the brachial artery i to 2 cm above its bifurcation m the forearm 
The radial pulse was absent and the extremity cooler than its fellow The artery was 
sutured Immediately after operation the pulse could not be felt but on examining him 
seven hours later it was just palpable It became strong before transfer 

A German prisoner slipped, thrusting his elbow through a pane of glass The brachial 
artery and median nerve were divided below the middle of the arm At operation three 
hours after injury the ends of the artery could be approximated with slight tension and 
were sutured together The lower end of the median nerve was not found at this time 
Immediately after the operation a radial pulse could not be felt but within an hour it was 
faintly palpable On the i 6 th postoperative day the median nerve was sutured At this 
operation although pulsation was present just below, it could not be felt at the site of 
anastomosis 

A Polish soldier was accidentally shot through the lower thigh with a pistol The 
lower end of the femoral artery was divided except for shreds and the vein torn An end- 
to-end anastomosis of the artery was made with some difficulty as the knee had to be 
flexed to approximate the torn ends Ihe vein was ligated and the leg put up m plaster 
to maintain flexion The foot warmed up within a few hours after operation but distal 
pulses had not been felt at the time he left the hospital one month later 

The popliteal artery of an American soldier was completely torn through opposite the 
joint m a truck accident, apparently as the result of hyperextension of the knee There 
was considerable hemorrhage into the popliteal space The vein and nerve were intact 
As approximation of the torn ends was impossible, a plastic tube anastomosis was done 
The lower end of the vessel was found with difficulty and would only take a small tube 
No immediate effect was noticeable but 12 hours later the foot, which had been cold, was 
warm It soon became cold again and amputation through the thigh was eventually 
necessary 

DISCUSSION 

Suture Including- both Evacuation and General Hospital cases, but exclud- 
ing the two in which suture was of the thrombectomy incision, there were nine 
arterial sutures with one subsequent gangrene This would seem to indicate 
that suture is quite successful as compared with other methods It must be 
remembered, however, that it is possible only in lateral wounds or those with 
limited separation of the divided ends, and therefore, m general, in the less 
severe injuries Furthermore the majority of sutures here reported were done 
m wounds of the brachial artery, in which the outlook for suivival of the arm 
was favorable 

That clotting is likely to take place at the suture site raises the question as 
to whether the extra time consumed as compared with simple ligation is jus- 
tified The ideal, of course, is that the channel remain open, but there is reason 
to hope that even though clotting occurs, enough blood will get through to 
maintain viability until the collateral circulation can take over 

The Medical Research Council (Britsh)'^ states "As a general rule it takes 
four days in the arm and 14 days or more in the leg for the distal pulse to 
return after ligature of the mam artery ” Individual cases vary Rose, Hess 
and Welch have noted palpable radial pulsations 24 to 72 hours after ligature 
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of the brachial arter} In a patient in this series whose biachial had to be 
ligated at the lower end radial pulsations were questionable at the end of 48 
hours and present in 72 hours 

In two patients wuth sutured brachials a radial pulse was noted after 24 
hours In one of the general hospital cases with a suture anastomosis at the 
lower end of the brachial the pulse was felt seven hours after operation It 
had not been examined 111 the mteival since leaving the operating room 

As a result of this expeiience the next patient was observed more closely 
After sutuie of his brachial in the lower half of the arm the radial pulse could 
not be felt in the opeiatmg room but within an hour after leturn to the w^ard it 
was just palpable It seems probable that blood carried through the site of 
anastomosis contributed to this finding 

Plastic tube anastomosis There were five cases with gangrene m four 
One of the plastic tube anastomoses of the popliteal m this series resulted most 
satisfactorily, postoperative observations seeming to indicate that blood was 
carried through it for six days, at wdnch time collateral circulation was ade- 
quate This patient’s wound, however, was relatively small, and the foot never 
more than cool so it may well have been that his collateral circulation was suffi- 
cient from the beginning In two other tube anastomoses of the popliteal there 
W'as encouragement from the warming of the foot only to see it become cold 
again after 24 hours and go on to gangrene 

Fenoiis giajt There were tw'o cases with gangrene in both It is moie 
difficult technically than tube anastomosis and failure in these cases may have 
been due to lack of experience w ith the method 

Heparin In debnded battle wmunds the employment of heparin parenter- 
ally involves a risk In the arterial injuries of civilian life, however, it is to be 
hoped that it may be employed, as experience both experimental and clinical 
has showm its value It w^as used locally in some instances in this series but was 
unavailable m amount sufficient for systemic heparinization 

Tin ombosis If a vessel is contused by a missile, thrombosis may result 
DeBakey and Simeone reported 70 per cent amputation following 44 cases of 
thrombosis In this senes there w^ere ten cases recorded of whom four devel- 
oped gangrene In twm of these, both of the femoral in its midposition, the 
artery was incised, the clot removed and the vascular wound sutured One kept 
a viable foot and the other developed gangrene of the first and second toes 
Sympathetic Block Sympathetic block was tried in a large number of the 
cases in this series with disappointing results The disappointment probably 
IS to be attributed to the hope that it would benefit cadaver-like limbs in which 
not only the mam blood channel but much of the collateral circulatory bed was 
damaged It seems reasonable to expect that m cases w here the margin between 
a sufficient and an insufficient blood supply is narrow, it may serve to turn 
the scale 

Ligation of accompanying vein This subject is raised as the question has 
excited so much interest In this series there is insufficient data to draw^ any 
conclusion 
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Battle wounds involving the femoral and popliteal arteries have resulted in 
subsequent gangrene in a large proportion of cases Those of the brachial were 
followed by loss of the extremity in over a quarter 

Suture of lateral wounds of the arteries should ordinarily be done, and 
end-to-end sutures in cases where it is practicable 

The use of glass and plastic tubes, or venous grafts to bridge gaps does not 
seem, from the statistics available, to have improved results, yet a consideration 
of individual cases justifies fuither trial 

In the surgery of civilian vascular injuries, particularly those in which large 
debnded areas do not have to be left open, heparin offers an opportunity of 
liettenng the outcome 
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AND (by invitation) 

Frank H. Leeds, M D , and Richard E Gardner, M D ** 

Sax Fraxcisco, Cai-iforxia 

The purpose or sympathectomy m the treatment of peripheral vascular 
disease is manifestly to abolish the vasomotor tone in order to improve the 
circulation and to alloY development of collateral blood vessels The greater 
the impairment of circulation by vasoconstnction, the better are the results to 
he expected from S3mpathetic denervation In those cases, however, in which 
vasomotor tone is low, sympathectomy ma} be of little value In addition, 
widespread svmpathectom}’’, may actually produce harm by lowering the 
peripheral resistance, especially in cases where there is severe arterial obliter- 
ation This paper presents an evaluation of sympathectomy m the tieatment 
of obliterative arterial disease, and a discussion of the indications and contrain- 
dications for the use of this form of treatment 

The peripheral circulation serves a dual function By means of blood flow 
through the capillaries the nutrient demands of the tissues are met In addition, 
the peripheral circulation to the extremities in man serves the purpose of reg- 
ulating the body temperature In accordance with the requirements for con- 
servation or dispersal of heat, the circulation to the extremities is reduced or 
expanded This dual function of the circulation is mediated by a dual control 
With vasomotor nerves intact, the circulation through the distal parts of the 
extremities can be showm to be influenced reflexly through stimulation or 
inhibition of the sympathetic nerves After removal of this vasomotor control 
by sympathectomy the circulation is dependent upon the metabolic require- 
ments of the tissues ^ 

In view of this dual function and dual control, the presence of a dual 
anatomic structure is to be expected That such is the case was shown orig- 
inally by the researches of SucqueF and Hoyer ® They first described the 
neuromyo-arterial glomus, a vascular arrangement quite distinct from the 
nutrient capillaries, which, in man, was found chiefly in the distal parts of the 
extremities The studies of E R Clark'* on the rabbit ear provided knowledge 
of the structure and activities of these arteriovenous anastomoses m the experi- 
mental animal Understanding of the physiolog}^ of these structures was made 
possible through the investigations of Grant" and Bland ® By means of these 
communications behveen the terminal arteries and the small veins of the 
extremit ies, blood can rapidly be shunted from the arterial to the venous system 

* Read before the American Surgical Association, March 25, 26 and 27, 1947, Hot 
Springs, Virginia 

** From the Division of Surgery, University of California Medical School, San 
Francisco 
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without passing through the capillary network Grant'^ showed that these com- 
munications were under vasomotor control since stimulation of the sympathetic 
nerves caused them to close, as did the injection of adrenalin Clark^ observed 
that injury to the nerve caused the arterio-venous anastomosis to remain con- 
tinuously dilated for lo to 14 days After that time, the smooth muscle appar- 
ently acquired tonicity and the lumen thereafter was maintained at a narrow 
calibre This observation may help to explain the evanescence of cutaneous 
vasodilatation after nerve injury, although it fails to account for the persistent 



Fig I — Anatomic arrangement of arteriovenous anastomoses as found in the ventral 
surface of the digit (Redrawn after Popoff Arch Path 1934 ) 

and prolonged vasodilatation, especially in the lower extremities, which follows 
sympathectomy From observations on experimental animals and man, it seems 
likely that the increased penpheral skin temperature which follows interruption 
of sympathetic impulses is mainly due to opening up of these arterio-venous 
communications 

Popoff^ called attention to the significance of these arterio-venous anasto- 
moses in peripheral vascular diseases after careful anatomic studies with recon- 
struction from serial sections The anatomic arrangements are shown m Figure 
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I, which has been redrawn from Popoff’s paper. He stressed the fact that when 
arterial blood passes directly into the veins without going through the capillary 
network, serious deprivation of the tissues may result In addition, in throm- 
bo-angiitis obliterans he described abnormal arterio-venous communications 
which might lead to a rapid dumping of the artenal blood into the veins 
Figure 2 represents a schematic drawing of the A-V anastomoses taken 
from Popoff’s original work. Microscopic changes m the veins led him to con- 
clude that “Arteriahzation of the veins is evidently the result of adaptation of 
the veins to abnormal strain created by an uncontrollable flow of blood through 
the artero-venous anastomosis ” In one patient he even went so far as to com- 
pare the oxygen saturation of blood obtained from a vein on the dorsum of the 



Fig 2— Diagram demonstrating two types of anomalous arteriovenous anastomose*; 
found in thromboangiitis obliterans the lateral type and the terminal type of anastomoses 
(Redrawn after Popoff Arch Path 1934 ) 


foot with that of blood simultaneously obtained from a forearm vein As he 
expected in view of his anatomic studies, he found that the oxygen saturation 
of the blood from the veins of the foot was considerably higher than that of 
the blood obtained from the arm, suggesting that the blood m its passage from 
the arteries to the veins had not traversed the capillary loop This observation 
was confirmed and extended by Harpuder, Stem, and Byer,® in a series of 
cases Some of the highest oxygen values which they found were m cases in 
which the disease was the most advanced They concluded that “shunt circu- 
lation' for practical purposes, is a loss as far as tissue metabolism is concerned ” 
To Atlas® goes the credit for having suggested that the disastrous results 
occasionally encountered after sympathectomy in advanced artenal obliterative 
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disease were due to opening up of these small arterio-venous communications 
The chief indication for sympathectomy is abnormal vasoconstriction or 
vasospasm In extreme cases such as the digital syncope of Raynaud’s phe- 
nomenon, the diagnosis of this condition is simple, but it is far more difficult to 
arrive at a sound basis for making this diagnosis in the less severe cases 

Brown^® was the first to approach the problem of placing vasomotor tone 
in man on a quantitative basis He compared the rise m skin temperature of 
the digits with the rise in mouth temperature after the administration of 
typhoid vaccine The change in the surface temperature of the digits gave an 
index of vasodilatation Morton and Scott” used anesthesia, general, spinal oi 
local, to abolish vasomotor tone They designated the average maximum vaso- 
dilator response of undiseased arteries as “the normal vasodilatation level ” 
White^^ was the first to use paravertebral injection of procaine to block the 
sympathetic nerves to the extremities as a test to evaluate the potential benefit 
of sympathetic ganglionectomy The vasodilatation with rise m skin temper- 
ature which occurs upon heating the unaffected extremities or portions of the 
body was employed by Gibbon and Landis^® to differentiate vasospastic from 
occlusive arterial disease All of these vasodilatation tests are useful in esti- 
mating the degree of organic vascular occlusion, but they do not indicate the 
relative degree of vasoconstriction which is intermittently or constantly affect- 
ing the blood supply to the peripheral tissues Vasoconstriction is the normal 
physiologic response of the body to cooling It occurs both in normal patients 
and in those with diseased or injured blood vessels The vasodilatation tests 
indicate only to what extent the peripheral blood vessels can dilate , they do not 
measure the degree of vasoconstriction * 

In order to make the diagnosis of abnormal vasoconstriction, certain clinical 
signs have been utilized In the selection of patients with intermittent claudi- 
cation for sympathectomy, the combination of peripheral cyanosis, increased 
sweating, and constriction of superficial veins of the extremities was used by 
Freeman and Montgomery as clinical evidence of high vasomotor tone Ex- 
perience with sympathectomy in obliterative arterial disease during the past five 
years leads us to re-emphasize the significance of these clinical signs of abnor- 
mal vasoconstriction Possibly less attention is paid now than formerly to the 
prominence of the veins on the dorsum of the foot, since we have repeatedly 
observed patients whose veins were prominent, but in whom other signs indi- 
cated a high degree of vasomotor tone Constricted veins, however, are still 
looked upon as good evidence of abnormal vasoconstriction One further obser- 
vation which IS probably of significance is delayed blanching of the extremity 
on elevation This delay in the drainage of blood from the foot may well be 
due to venous constriction and probably indicates concommitant arterial con- 
striction, which sympathectomy is designed to relieve 

The vasodilatation test, as commonly performed, may not allow sufficient 
time for the blood vessels to dilate to their maximum capacity This fact is 
suggested by the frequency with which it is noted that the rise in surface tem- 
perature following lumbar ganglionectomy exceeds the highest level obtained 
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MINUTES DAYS POSTOPERAT’VE 

Fig 3 — Skin temperature increase following lumbar sympathetic blocks and lumbar 
sympathectomies in a patient with thromboangiitis obliterans 
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TIME 

IN MINUTCft 

Fig 4 — Skin temperature changes following right lumbar sympa- 
thetic block in patient with erythrocyanosis fngida 
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dunng the vasodilatation test Figure 3 shows the skin temperature increase 
following lumbar blocks in a patient with severe thromboangiitis obliterans It 
can be seen that in the days following lumbar sympathectomies, the surface 
temperatures consistently exceeded those observed at the height of the vasodila- 
tation tests Subsequent studies on this patient have confirmed the value of the 
operations We have come to place great reliance upon the subjective improve- 
ment, noted by the patient after temporary removal of vasomotor control by 
blocking the sympathetic ganglia with procaine, as an indication for sympa- 
thectomy The indications for sympathectomy and the results obtained in a 
small group of patients with obliterative arterial disease are shown in Table I 
Failure of the skin temperature to increase to normal levels through vaso- 
dilatation after release of vasomotor tone does not necessarily indicate that the 
vasomotor tone is low The arterial obstruction may be of such seventy that 
it is impossible, even with the opening up of collateral channels, to deliver suffi- 
cient blood flow to the distal parts of the extremity to raise the surface tem- 
perature to normal levels On the other hand, vasoconstriction may further 
reduce the circulation to the tissues Previously, many patients were excluded 
from the benefits of sympathectomy, because of tlie failure of the surface 
temperature to reach normal high levels following temporary interruption of 
vasomotor control In the case illustrated in Figure 4, the patient had suffered 
from erythrocyanosis frigida of both lower and upper extremities for many 
years She developed a painful ulceration beneath the nail of her right great 
toe, which failed to heal in four months Immersion of the forearms m hot 
water (Landis-Gibbon test) failed to produce any rise in the temperature of 
the toes Blocking of the posterior tibial nerve with 2 per cent procaine 
resulted in a rise in skin temperature of only 2 degrees centigrade With lum- 
bar sympathetic block, as shown in Figure 4, the skin temperature increase was 
more pronounced and there was great improvement in the color of the extrem- 
ity, as well as relief from pain Bilateral lumbar sympathectomy subsequently 
performed, resulted in complete relief of her symptoms 

The quantity of blood which can be delivered to the peripheral tissues in a 
given period of time depends not only upon the diameter of the arteries supply- 
ing the part, but also upon the peripheral resistance Lowering of the periph- 
eral resistance in any section of the vascular bed proximal to the nutrient cap- 
illaries, especially those in the distal portions of the extremities, necessanlv 
reduces the effective pressure The effect upon the height of oscillations meas- 
ured at the ankle of lowering the peripheral resistance by opening up of blood 
vessels in the working calf muscles has been previously reported This resis- 
tance was shown to be a significant factor in the distribution of blood to the 
peripheral tissues It was suggested at that time that extensive sympathectom) 
might be contraindicated in the presence of advanced obliterative arterial 
disease, since the peripheral resistance might be so lowered in the proximal 
portion of the limb as to curtail the flow of blood in the more distal parts of 
the extremity Atlas® has shown that in three patients lumbar sympathectomy 
allowed a rise in the surface temperature of 2 to 5 degrees centigrade above 
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nSST sympathectomy for arterial disease 

the control level, but was followed by the rapid development of gangrene, 
necessitating amputation of the leg m each case He attributed this disaster 
to the opening up of the arteriovenous communications which, although it per- 
mitted the surface temperature to rise, actually resulted in still further reduc- 
tion in the nutrient capillary flow 

At approximately the same time that Atlas reported his experiences, one 
of us had noted some curious phenomena m four cases, the significance of 
which was not then appreciated The first patient was suffering from thrombo- 
angiitis obliterations and had sustained an occlusion of the left iliac artery 
Immediately following lumbar ganglionectomy the hypesthesia of the left 
foot, presumably of an ischemic nature, became much more extensive At the 
time It was thought that the drop in blood pressure 
during spinal anesthesia and the use of the head-down 
position to combat this complication accounted for 
the manifest increase in vascular insufficiency Some 
months later, hovever, he developed extensive gan- 
grene of the dorsum of the foot, as shown m Figure 
S, and amputation of the leg was performed The 
fact that he continued to smoke and presumably had 
further episodes of arterial obliteration served to 
explain the development of gangrene, although the 
distribution of the necrosis on the dorsum of the foot 
while the toes were still viable was curious Atlas 
described a similar distribution of gangrene in 
his cases 

The second patient was suffering from severe 
ischemic neuritis after an acute arteriosclerotic oc- 
clusion of the left popliteral artery When she ob- 
tained relief from pain with lumbar block, the sympa- 
thetic ganglia were excised The spontaneous pain 
which she had suffered constantly for lo months was 
immediately relieved However, oscillations at the 
ankle, which before sympathectomy were barely per- 
ceptible, instead of being improved, actually disap- 
peared The records obtained on this patient are shown in Figure 6 Necrosis 
of the tissues on the dorsum of the foot developed as can be seen in Figure 7 
necessitating amputation of the leg three months later The data on these four 
cases are given in Table H None of these patients gave clinical evidence of in- 
creased vasomotor tone, but in each one there was temporary relief of severe 
rest pain following lumbar block It is interesting to note that each of these 
patients had sustained an acute occlusion of a major artery, as the result of 
thrombosis The terrific pain and hypersensitivity which they developed in the 
months following the acute occlusions might well have been due to ischemic 
neuritis or to some type of causalgia In each case the relief of pain by lumbar 
block might better have been attributed to interruption of the sympathetic 
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Fig 5 — Necrosis of 
tissues on dorsum of foot 
in patient with advanced 
thromboangiitis obliter- 
ans after lumbar sympa- 
thectomy 
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impulses, which is recognized to be effective in treatment of causalgia, rather 
than to any improvement m the supply of blood to the peripheral tissues 
Atlas® has enumerated as specific contraindications to sympathectomy, 
[ Severe extensive arterial occlusion, 2 Rapid blanching on elevation, and 
3 Atrophy of skin and subcutaneous tissues From our present understanding, 
we would now classify the cases described above as belonging to the low vascu- 
lar tone group in which specific indications for sympathectomy were not pres- 
ent Moreover, they presented signs which we now regard as specific contrain- 
dications to sympathectomy 



Fig 6 — Simultaneous* arteriograms m a patient with thromboangiitis obliterans after 

left lumbar sympathectomy 


The gangrene following sympathectomy in patients with severe obliterative 
arterial disease may be likened to the gangrene which so frequently follows 
proximal ligation of the major artery in the presence of an arterio-venous 
fistula Direct measurements of intra-artenal pressure’^^ have shown that occlu- 
sion of the major artery proximal to an arterio-venous fistula results in a pre- 
cipitous drop of pressure due to the greatly expanded vascular bed available 
on the venous side Arterial blood brought down by collateral pathways escapes 
easily into the venous side of the circulation In obliterative vascular disease 
the major arteries are already blocked Destruction of vasomotor control over 
the arterio-venous anastomoses by sympathectomy may abruptly deflect into the 
venous system the nutrient collateral flow to the capillaries Clark^ has shown 
that, with both the capillaries and the arterio-venous anastomoses open, there 
IS blood available to flow through both pathways, although the relative size of 
the arterio-venous shunts allows far greater diversion of blood to the veins 
directly than through the capillaries It is interesting to speculate on what 
would be the case were the volume flow of blood to be reduced by compression 
of the afferent arteries while the arterio-venous anastomoses were open 
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The question may be raised as to how sympathec- 
tomy produces its admittedly good results if the only 
effect IS the opening up of the arterio-venous com- 
munications In the first place, the best results from 
sympathectomy are obtained in those patients who 
have capacity for vasodilatation and especially in 
those in whom there is a high degree of vasomotor 
tone The possibility that the vasomotor tone re- 
stricts the blood flow to the tissues is suggested by 
the objective improvement in muscle blood flov 
which obtains after release of vasomotor control 
It IS quite likely that even the major arteries are 
under vasomotor control Artenographic studies on 
three patients before and after either temporary 
paralysis of the sympathetic vasoconstrictor nerves 
or lumbar sympathectomy demonstrated an increase 
m the volume flow of blood through the major ar- 
teries Figure 8 illustrates the results obtained in a 
patient with thromboangiitis obliterans after left 
lumbar sympathectomy The ankle pulses were pres- 
ent on both sides but after release of vasomotor con- 
trol on one side the flow of blood through the major 
arteries was greatly increased 

It IS well known that the presence of a fistula 
between the major artery and vein of a limb is an 
excellent stimulus for the development of collateral 
-circulation Artenographic studies in patients with 
arterio-venous fistulas demonstrate the profuse development of such collat- 
erals The fact that quadruple ligation and excision of such fistulas is rarely 
followed by gangrene indicates their functional importance 

In his microscopic studies of arterio-venous anastomoses, Popoff’^ called 
attention to the frequency with which the afferent artery became dilated It is 
possible that the benefits of sympathectomy may actually be attributed to the 
permanent opening of multiple small arterio-venous communications Such 
arterio-venous fistulas furnish a stimulus for the dilatation of afferent arteries 
and collateral channels Atlas^ has demonstrated that, after a period of time 
following lumbar sympathectomy, there appears to be an actual hypertrophy 
of the collateral bed, allowing for an increase in the oscillations compared with 
those taken immediately after operation 

Although the peripheral circulation has a dual function with dual control 
and even a dual microscopic structure, the blood supply comes through one 
system of artenes Removal of vasomotor tone by sympathectomy, especially 
in those cases m which this vasomotor tone is increased, may reasonably be 
expected to improve the circulation to the tissues in spite of the diversion of 
large quantities of blood through useless channels into the veins In addition, 
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Fig 7 — Necrosis of 
tissues on dorsum of foot 
3 months after lumbar 
sympathectomy in patient 
with arteriosclerotic oc- 
clusion of popliteal ar- 
tery 
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sympathectomy may not unreasonably be expected to furnish an adequate stim- 
ulus for the development of collateral circulation In the presence of severe 
obliterative vascular disease, however, especially in those cases with low vaso- 
motor tone, sympathectomy may be contraindicated because large quantities of 




4f 


% 


Fig 8— OsciIIometnc records taken at the ankle before and after 
lumbar sympathectomy in patient with arteriosclerotic occlusion o 
popliteal artery 



blood are diverted directly into the veins without passing through the 
capillary system 

CONCLUSIONS 

Sympathectomy is useful in the treatment of obliterative arterial disease, 
especially in those patients who show evidence of abnormal vasoconstriction 
Even though preoperative diagnostic tests fail to show an adequate rise in skin 
temperature after release of vasomotor control, sympathectomy may bring 
about a lasting and progressive improvement 

In advanced obliterative arterial disease, however, especially in patients 
without evidence of abnormal vasoconstriction, sympathectomy may result in 
gangrene Although the total circulation may be increased after sympathec- 
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tomy in these cases, much of the blood is probably shunted directly into the 
veins through the opening-up of numerous arterio-venous anastomoses The 
nutrient capillary flow may actually be reduced 

In the less advanced cases of obliterative arterial disease, sympathectomy 
may promote the development of collateral circulation through permanent open- 
ing of these arterio-venous communications 
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Discussion — ^De. Louis G Herrmann, Cincinnati Doctor DeBakey has presented 
in modern dress another important factor in the maintenance of peripheral blood flow 
under various conditions For decades physiologists have tried to impress upon us the 
importance of the shift of the mass of blood from one part of the body to another when 
certain physiologic needs are to be satisfied The sleepiness which comes on after a hearty 
dinner, the cerebral ischemia which somebmes overtakes a speaker when he reaches the 
rostrum, the muscle cramps in extremities which come on when one goes swimming imme- 
diately after a heavy meal, are all practical examples of the shift of the mass of blood from 
one part to another as a result of the vasomotor function of the sympathetic nervous 
system 

Doctor DeBakey and Doctor Ochsner have chosen to call this the lending-borrowing 
mechanism, but I prefer to describe it by the term “hemometakinesia” which they have 
corned I am also of the opinion that such a mechanism is of real importance and I 
would emphasize that such a shift of the mass of blood should be given serious consider- 
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ation in all patients who are to be subjected to sympathetic denervation of any part 
of the body 

It IS encouraging that vascular surgeons are also returning to the study of the funda- 
mental physiology of the peripheral circulation and, as we have heard this morning, a 
better understanding and better therapy of peripheral vascular disease is our ultimate 
objective The effects of local tissue hypoxia and anoxia have interested me greatly for 
several years and it is our hope that we may sometime add a little information about this 
important factor The secondary development of venous or arterial thrombosis in patients 
with peripheral vascular diseases might be the deciding factor in the success or failure 
of any of the therapeutic agents which we employ m the management of these important 
clinical conditions 

Now I should like to discuss for a few minutes some of the applications of the timely 
studies of Doctor Freeman and his associates It is my opinion that the operation of 
sympathetic ganglionectomy should not be looked upon as an innocuous procedure, par- 
ticularly m patients with extensive structural changes m the peripheral arteries, since 
widespread denervation has been shown even to precipitate gangrene of the tissues So 
far as I can determine, there is no positive evidence to show that sympathectomy does any 
more than relieve the increased vasomotor tone m the arterial bed and cause the opening 
of the arteriovenous communications of Sucquet and Hoyer m the skin Doctor Freeman 
has emphasized that after sympathectomy the real stimulus to the development of a collat- 
eral arterial circulation might come directly from the opening of these small mtradermal 
arteriovenous communications I can only re-emphasize the fact that in patients with 
extensive structural changes m the peripheral arterial system unassociated with increased 
vasomotor tone, sympathetic denervation of the part should not be performed because the 
opening of the arteriovenous communications in the skin will divert large quantities of 
blood directly into the veins and thus reduce the nutrition of the tissues to an even 
lower level 

We have been interested in the effects of therapeptic measures upon the collateral 
arterial circulation Doctor Freeman has already stated that sjunpathectomy only favors 
the development of a collateral arterial circulation The flow of blood to the extremities 
and the exchange of blood in the capillaries, follow definite physical laws, and the impor- 
tance of these factors must not be overlooked in any consideration of this kind The flow 
of blood IS equal to the pressure m the vessels divided by the peripheral resistance. About 
ten years ago we presented before this Association a physical means of increasing the 
flow of blood through the peripheral arteries and capillaries in patients with obliterative 
disease We designated this type of treatment as “Passive Vascular Exercises ” Conclu- 
sive evidence has been presented to show that the alterations of the environmental pressure 
about an extremity actually promote the flow of blood through existing collateral arteries 
When properly used, passive vascular exercises serve as a valuable adjuvant m the man- 
agement of arterial insufficiency due to structural changes in the arteries of the extremities 

Doctor Freeman’s message should make us all give the problem of sympathectomy for 
obliterative arterial disease further serious thought and study Such studies as these should 
stimulate us to give our patients the benefits of all other adjuvants which have been shown 
to be effective in increasing the peripheral flow of blood in such patients Until we learn 
more about tissue metabolism following sympathectomy, as well as the other methods of 
increasing the peripheral flow of blood to tissues, we will not be able to predict accurately 
the effect of any of our therapeutic procedures m patients with obliterative arterial diseases 

Dr. H T Ballantine, Jr , Ann Arbor, Mich . Studies in progress at the University 
of Michigan are pertinent to Doctor Hermann’s excellent discussion Briefly, they consist 
of measuring peripheral blood flow in the lower extremities of normal individuals at rest 
and again under three varying conditions (i) After intravenous injection of tetra-ethyl- 
ammonium chloride 500 mg, producing gangliomc blockade of the autonomic nervous 
system (2) After lumbar sympathetic block of one lower extremity and, (3) after injec- 
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tion of 500 mg of TEAC while lumbar block is still effective Measuremdhts of blood 
flow through the foot have been obtained with the venous-occlusion water plethysniograph 
technic Skin temperatures have been recorded by means of the Leeds-Northrop poten- 
tiometer where feasible Environmental temperature has been stabilized at 68 to 70° F 

The following slide is typical of our findings 

1 Lumbar block produces a rise in peripheral blood flow and in skin temperature 

2 Intravenous TEAC does not decrease the blood flow obtained by block 

3 The blood pressure was not significantly altered in these normal subjects 

4 Intravenous TEAC produces an increase in peripheral blood flow It causes as well 
a rise in skin temperature equivalent to that obtained by block This would indi- 
cate that TEAC produces a significant rise m peripheral blood flow even though 
the flow obtained by block is greater 

From these observations it would seem that TEAC produces a marked increase in 
peripheral blood flow to an extremity, despite its generalized vasodilating effect These 
results have been verified m a senes of 62 patients, 57 of whom showed increased flow 
after injection of this drug alone This may be explained on the basis of increased cardiac 
output which maintains an adequate head of pressure in the arterial tree Our ballisto- 
cardiographic studies have shown that cardiac output may rise from 10 per cent to 20 per 
cent after intravenous injections of tetra-ethyl-ammonium chloride 

Although changes in skin temperaturd are relatively the same in both procedures, 
there is greater increase in blood flow to an extremity with sympathetic nerve block than 
with TEAC The preservation of the lending-borrowing mechanism' with local block 
might be given as an explanation It does not, however, fit our findings that increased 
blood flow to the foot produced by paravertebral sympathetic block is not decreased by 
an injection of TEAC These results indicate that generalized vasodilatation and possible 
abolition of the lending-borrowing mechanism does not inhibit increased blood flow to a 
local part, provided cardiac output can be increased sufficiently to maintain arterial 
pressure 

A more probable explanation for the disparity between the increase m blood flow 
after block and after injection of TEAC is that in 500 mg doses the drug does not pro- 
duce complete autonomic block 

Dr I Ripglway TRiMULt., Baltimore Doctor Freeman’s paper is most timely in 
pointing out the pitfalls that may be encountered in surgery of the vascular diseases Some 
years ago, before the war, we wrote about some of these cases in which the tests were 
not conclusive, yet beneficial results did follow operation This has been borne out by 
DeTakats, who says he is in agreement, and he is now submitting patients to operation 
who, according to tests, were formerly considered unsuitable I have never encountered 
gangrene of the extremity following lumbar sympathectomy 

Doctor DeBakey’s paper is most interesting Hematokinesia — the borrowing-lending 
mechanism, better known as Greco-Turkish mechanism of lend-lease We have recently 
used this principle of borrowing blood for a double purpose, to prevent shock at the 
time of operation and to decrease the incidence of postoperative thrombosis 

The skin surface of the lower extremities comprises 38 per cent of the total body 
surface It is the blood from this large area that we wish to borrow for use elsewhere 

Dr David Lynn and I are now investigating the possibility of lowering the incidence 
of postoperative thrombosis and thrombophlebitis by binding the lower extremities with 
elastic bandages during operation and by keeping these bandages in place after operation 
for a period of two weeks We are at present conducting studies on the blood flow in the 
deep veins of the lower extremities after the application of these bandages 

Dr D W Gordon Murray, Toronto I should like to comment on the papers of 
Doctor Smith and Doctor Blakemore Doctor Smith in his paper described using plastic 
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tubes for anastomosis I would like to ask Doctor Smith if he lined the tubes with a 
venous graft or was the anastomosis done with the plastic material only 

Regarding Doctor Blakemore’s paper, I admire the way he puts this damaged artery 
together My own predilection would be for suture, but that is a weakness on my part 
The maintenance of circulation after either graft or suture, I think, is the main thing to 
be obtained The mam thing is to provide circulation to the area involved In my hands, 
by giving heparin I can be more certain to maintain the patency of the anastomosis 

In one of the animals’ hearts shown yesterday, removed from an animal in which we 
had done a vein graft in a carotid artery nine years previously, the vein graft was 
removed at this time Its lumen was patent It was slightly larger than the adjacent 
artery The wall in some places was rigid so that it fractured when it was opened out 
I am not sure whether it was calcium or bone Further investigation of this will be made 
and sections made to determine just what are the changes in this venous graft after nine 
years functioning in an artery 

In a clinical case, a boy m whom a 2 5 inch graft of vein was placed in the femoral 
artery eight years ago, this has been working well ever since There is no sign of 
aneurysm On palpation it does not feel rigid or stiff It seems to be functioning satis- 
factorily 

There probably is a place for venous grafts in arteries under suitable conditions 


Dr Peter Heinbecker, St Louis I want to discuss Doctor DeBakey’s paper, and to 
ask Doctor Ballantine a question The alteiation of blood flow to organs and tissues in 
response to need is a dynamic phenomenon dependent on nervous, humoral, local metabolic 
and thermal influences Of these the accumulation of local metabolites probably is of 
first importance It is not necessarily dependent on the sympathetic nervous system for its 
initiation or continuance This is supported by evidence of its adequate functioning in the 
denervated extremity Of the important humors, none is more so than epinephrine, which 
serves to decrease the blood flow to the skin and the splanchnic area while increasing that 
to the muscles, the brain and the heart For the release of epinephrine the sympathetic 
nervous system is essential The nervous influences which modify blood distribution are 
reflexly initiated They serve particularly in the maintenance of a stable blood pressure 
and a normal body temperature In special situations nervous influences modify secretion 
rapidly in response to need, a function later taken over in large measure by humors 01 
enzymes 

The temporary increase in the size of a portion of the vascular tree effected through 
denervation is a static phenomenon, not to be confused with the dynamic processes involved 
m blood distribution occurring spontaneously to meet changing metabolic requirements 

I was much interested in Doctor Ballantme’s statement that tetra-ethyl-ammomum 
chloride causes a block in the ganglia of the autonomic nervous system I would like to 
know what evidence he has of such a block 


Dr Walter G Maddock, Chicago I would like to comment first on the paper of 
Doctor Freeman It has been pointed out before that the skin temperature response of the 
hands and feet to an increased environmental temperature or to a sympathetic or periph- 
eral nerve block is greatest in the normal individual, for his unobstructed vessels can 
dilate to the maximum From work done with Doctor Coller at Michigan the old theory 
was re-emphasized that the arms and legs, particularly the hands and feet, play a very 
important part m the dissipation of heat from the body, being the areas of greatest varia- 
tion in superficial blood supply in response to heat production versus the environment into 
which the heat has to be dispersed The hands and feet act in the same way as the radiator 
of an automobile The engine block gives off heat, like the body, but the shunt of water to 
the radiator is the main variant as the need for heat dissipation vanes Doctor Freeman 
has shown agam the arteriolar- venous shunt sjstem in the fingers and toes, which un- 

889 


FREEMAN. LEEDS AND GARDNER 


\iifml8 uf iiurgeo 
December 1947 


doubtedly is a part of the mechanism for passing more blood through these areas when 
there is a need for more heat dissipation With the greatest responses in the normal, one 
must be careful then to not interpret all increases m peripheral skin temperature as a 
result of test procedures as an overcoming of "vasospasm ” Much of the temperature 
increase is due to an overcoming of vasoconstriction which is a normal part of the heat 
dissipating mechanism In actual practice one often does not need to test for vasospasm 
but can see its presence by sweating or multiple color changes in the part 

So far as sympathectomy is concerned, particularly for the lower extremities, it is a 
relatively simple procedure now and I place it under the heading of conservative treatment 
Patients with a peripheral vascular deficiency from arteriosclerosis are debilitated and 
disabled just as much as a cardiac patient, and every method must be used to improve the 
blood supply to the legs and feet A slight gain may be sufficient to enable them to carry 
on for months or years without trouble And since gangrene is such a common end result 
m all patients with serious peripheral vascular deficiency, it is difficult to be certain that 
m some way the sympathectomy caused or hastened this death of tissue I do not believe 
that Doctor Freeman is advising that we abandon sympthectomy for many of these patients 
Doctor DeBakey’s paper on “lending-borrowing” blood from the body proper to the 
extremities in cases of need is interesting The lending-borrowing should be brought about 
in the conservative management of all cases of a peripheral vascular deficiency If normal 
individuals keep their trunk warm by wearing woolen underwear, then more blood will be 
sent to the hands and feet for the dissipation of heat Patients with peripheral vascular 
deficiency as a result of peripheral arteriosclerosis or Buerger’s disease should be 
instructed to keep the body warm at all times, to wear woolen underwear and woolen socks 
if necessary, for more blood will then be sent to the extremities Such patients in the 
hospital should be kept extra warm, not just comfortably so the body should be warmer 
than usual, to a point a little short of sweating Extra blankets should be supplied, or a 
heat cradle placed over the abdomen, not over the feet An electric pad to the abdomen 
will also add general heat, and one of the new electric blankets is a suggestion In con 
trast to many other forms of treatment, such environmental therapy sending blood to the 
extremities can be used in the hospital for 24 hours a day, an essential time period to 
combat the disease and disability of peripheral vascular deficiency 


Dr Frank B Berry, New York I would like to discuss Doctor Smith’s paper and 
to add our own experience We were fortunate in having some experience behind us, so 
that when the Seventh Army prepared to go into France we sent out a directive requesting 
that all major injuries of arteries be listed We had 1086 such cases 

Further amputations undoubtedly were necessary m the general hospitals, but we 
urged that all such injuries be held in forward hospitals until the outcome was known 
Our femoral artery injuries are not subdivided but are dealt with as a group We had 
190 cases, 90 amputations, we had 179 popliteal injuries, 125 amputations In Tunisia, for 
example, the Ninth Evacuation Hospital had nine injuries of the popliteal artery, resulting 
m 100 per cent amputations In France they had three consecutive cases with no amputa- 
tions That is how these injuries varied as to outcome Much depended on the type of 
wound, extent of soft part damage, coexisting fractures, time elapsed between wounding 
and surgery, etc 

We did use some heparin and we considered that it helped We used glass and plastic 
tubing, and some of the hospitals had Blakemore cuffs and used grafts We believed these 
were all helpful when it was possible to use them 

It has been advocated m the case of elderly people in whom there is lessened arterial 
supply to the leg, that a bilateral sympathectomy be performed Doctor DeBakey’s lend- 
ing and borrowing mechanism may suggest tliat We know that these people are prone to 
go on after sjunpathectomy has been performed on one side to develop gangrene in the 
other leg, and we wonder in these cases if a bilateral sympathectomy may not be indicated 
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Dr, Alton Ochsner, New Orleans My remarks will be limited to a discussion of 
Doctor Freeman’s paper I am sure that Doctor Freeman did not wish to leave the 
impression that older patients with arterial disease should not be given the advantage of 
sympatliectomy. We have become increasingly more impressed by the desirability of 
resorting to sympathectomy even m older persons who have obliterative arterial disease 
and, although in not all of these patients can the extremity be salvaged, the salvage inci- 
dence IS about 75 per cent, which makes the procedure justifiable We ,have also learned 
that the results obtained by temporary blocking of the sympathetic nerves by novocaine 
will not give a true indication of what can be obtained by sympathectomy in these older 
individuals We have had considerable experience with sympathectomies m older individ- 
uals with obliterative arterial disease, and m only one instance have we observed a gan- 
grene which apparently became progressive after the sympathectomy We believe that 
this was coincidental and that the sympathectomy was not in any way associated with the 
gangrene but that the gangrene occurred in spite of the sympathectomy There are many 
other patients in whom gangrene has been prevented by a sympathectomy It seems to us 
that to deny an older patient any procedure which will increase his chance of maintaining 
a viable limb would be extremely undesirable 

Dr William F MacFee, New York Doctor Smith’s observations on the treatment 
of injuries of major arteries during the ivar are impressive It is obvious that they repre- 
sent the general experience of World War II It is also evident from his report and other 
records that current methods of restoring continuity of severed vessels, while occasionally 
successful, have not been sufficiently so to materially alter results I do not believe we 
can claim that the results of new methods, which include the bridging of defects between 
severed ends, are superior to the older procedure of simple ligation 

The failures no doubt have been due m part to defects m the methods employed, but 
perhaps in greater measure to the character of the wounds The energy, or in this case' the 
destructive force of a missile, varies directly with its mass and with the square of its 
velocity The destruction of tissue produced by the modem high velocity bullet or shell 
fragment is enormous An artery is not simply cut, but as a rule a segment is torn out 
and a large area of surrounding parts, including the collateral circulatory system, is 
reduced to a pulplike state and completely devitalized In addition to the local wound, 
frequently there are other grave wounds of the same extremity or of other parts Under 
such circumstances, it is not surprising that so many limbs are lost, but rather that 
something like 50 per cent are saved 

To obtain better results it is evident that better methods of repair must be found. A 
serious disadvantage in dealing with war wounds is the impracticability of using the anti- 
coagulants Doctor Berry has described a case of delayed hemorrhage which illustrates 
the danger of interfering with the clotting mechanism in the presence of extensive wounds 
Unless better methods of local hemostasis can be found, it would appear that any reliable 
method of restoring the continuity of major arteries interrupted by war wounds must 
preclude the use of anticoagulants 

Dr Frederick L Reichert, San Francisco* Perhaps I did not understand Doctor 
Smith, but in the last war they tied off the corresponding named vein when the artery wa‘^ 
severed I do not know why that was not done m this war 

That case of gangrene Doctor Freeman showed I think is due to thrombosis of the 
femoral vessels, and has nothmg to do with sympathectomy If you want to treat these 
people with impaired circulation you should consider the entire atreriosclerotic condition 
I consider five extremities, including the head, and you have to keep that as warm as you 
do the legs and arms Sympathectomy has helped these people, up to the age of 80 or 90 
I think this case of gangrene is due to thrombosis of the femoral vessels and not to 
sympathectomy 

Dr Rudolph Matas, New Orleans I believe that Doctor Blakemore’s restoration 
of the mam artenal channel in the aneurysmal sac bv his "vein graft inlay’’ is a decided 

ROl 



FREEMAN, LEEDS AND GARDNER 


Annali of Surgei; 
Decombor 1947 


Step forward m the practice of conservative aneurysmorrhaphy, specially in dealing with 
those aneurysms in which the reliability of the collaterals is in doubt 

Despite the fact that in the majority of cases in which a pulsating hematoma has had 
time to develop as an aneurysmal sac, thereby assuring the establishment of a collateral 
circulation, and that the limb will be preserved even if the sac itself is obliterated, — the 
restoration of the main channel of the circulation in the sac is desirable, since it is possible 
that the collateral circulation may be preserved sufficiently to save the limb from an ampu- 
tation, but not sufficiently to prevent secondary ischemic atrophies and other functional 
disabilities which leave an imperfect cure 

It IS fortunate that in the vast majority of the endoaneurysmorrhaphies of the obliter- 
ative type, the collateral circulation is so little disturbed that secondary ischemic relics of 
the obliterative aneurysm are seldom sufficiently apparent to impair the cure Nonetheless, 
it IS obvious that, when the anatomic conditions within the sac are not favorable for the 
restorative types of endoaneurysmorraphies (Endo-A, Restorative, Endo-A Reconstruc- 
tive) that the use of a Blakemore venous lined vitallium tube or a plain venous inlay with 
his vitallium cuffs would be a helpful and relatively simple resource 

It IS well to remember that m trying to restore the continuity of the main artery in 
the sac of the aneurysm, the Blakemore procedure is not applicable to all type of sacs, 
but seems to me specially adapted to sacs m which the inlet and outlet he in the floor of 
the sac in the same horizontal level, as is more frequently the case in popliteal aneurysms 
It IS different, however, when the artery lies on the roof of the sac and the outlet appears 
on the floor, or when the inlet and the outlet are eccentrically placed at different levels 
To adjust a venous graft under these conditions may involve too much traumatism and 
handling to make the graft a success These differences in the relation of the artery to the 
sac I described long ago in connection with the “Morphology and architecture of aneurys- 
mal sacs” and in the interpretation of “Rotation in aneurysmal sacs,” specially those of 
the popliteal space (Keen’s Surgery, Vol V, pp 221-226) 

While great progress has been accomplished within the course of the half century since 
I began to utilize the suture as a conservative substitute for the ligature in the cure of 
aneurysms — so that now the repair of injured arteries and veins has become a sort of 
plastic art in which many of our younger contemporaries have become great artists — I 
believe that we are on the way to devise still simpler methods and more handy materials 
than venous grafts, to bridge over gaps in the arterial stream The distance we have 
travelled on the road of progress, between the Tuffier tube of the first world war and the 
venous lined vitallium tube of the Blakemore pattern — is quite encouraging 

Doctor Smith’s study of 114 arterial wounds followed by gangrene in 54 per cent 
proves that the disastrous injuries of the great vessels at the front fully justify the special 
care and concentrated attention that the Surgeon General’s office has given to these wounds 
in the second world war, in a supreme, but yet feeble effort to counteract the ever increas- 
ing destructiveness of the implements and materials of warfare 

Doctor DeBakey and associates and Doctor Freeman have dealt with the Surgery of 
the Sympathetic very interestingly, but from an entirely different viewpoint Doctoi 
DeBakey has opened a new field of therapy for the play of the already crowded vasomotor 
nerves which may soon yield a crop under Doctor DeBakey’s fertile sowing 

Doctor Freeman has rendered a real service by sounding a note of alarm regarding 
the indiscriminate resort to lumbar sympathectomy by operation or by anesthetic block, 
without clear differentiation of the indications and contraindications of the procedure 

What IS particularly objectionable is to resort to lumbar sympathetic block as a rou- 
tine procedure before or after an operation for an aneurysm or a mam artery injury in the 
extremities, in which there is no question regarding the sufficiency of the collateral circu- 
lation There is, no doubt, an enormous abuse of this serious procedure, particularly when 
performed by inexperienced and incompetent assistants who, at best, simply perform a 
paravertebral novocain anesthesia As a rule, no trouble is taken to demonstrate the 
effectiveness of the injection by the temperature of the dependent parts or determine, in 
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other ways, if the anesthetic has actually reached the ganglia It is interesting to note in 
this connection that Doctor Elkin with all his large experience in aneurysmal surgery, has 
gotten along altogether without a single call for a lumbar block In my experience, in 
over 600 operations on the surgical blood vessels, including 250 aneurysms, I have only 
once called for the "lumbar block” in threatened gangrene of the foot It is more than 
probable that, if sympathetic lumbar block had been in vogue when I was operating, in 
earlier years, as it is now, I would probably have been doing Sympathectomies a la mode 
I wish It understood that I prize sympathectomy as a precious help when it is needed, but 
object to It as a routine prophylactic for unthreatened gangrene 

The same protest applies against the abuse of transfusion, which is now being used 
as a panacea for all evils and especially as a prophylactic against shock and hemorrhage in 
operations in which there is no reason to expect such complications There is no doubt 
that m this way much good blood is wasted, and many who are only profiteers and not 
patients, benefit by the procedure 

I have long trespassed upon the indulgence of the Chair and must now close with 
thanks to him and to the vascular surgeons who have contributed so brilliantly and profit- 
ably to the enjoyment of the Scientific Program 

Dr Arthur H Blakcmore, New York (closing) I am deeply indebted to Dr 
Rudolph Matas for discussing my paper More than 50 years ago he presented to the 
profession an operative technic for the cure of peripheral arterial aneurysm that has 
greatly lowered the incidence of gangrene Doctor Matas’ teachings were ever before us 
in evolving the vein graft in lay technic Therefore it is with some satisfaction that I 
present this method which does not violate his teaching in necessitating removal of the 
aneurysm sac, as have former methods of vein graft bridging for the restoration of 
blood flow 

Doctor Murray has asked about the use of heparin We employed it postoperatively 
m all four cases 

Dr. M E DeBakey, New Orleans (closing) I should like first to express my 
appreciation of the stimulating discussion In view of the political implication of the term, 
“borrowing-lending,” it is perhaps well that a more scientific term has been proposed for 
this phenomenon 

I was particularly interested in Doctor Heinbecker’s comments concerning cardiac 
output and its effect upon the changes in peripheral blood flow which we have described 
It IS somewhat difficult, however, for me to understand how variations in cardiac output 
can produce concomitantly changes of a different order in the volume of blood m such 
peripheral parts as the fingers and toes In other words, I do not understand how an 
increase m the volume of blood in the toes associated with a simultaneous decrease m the 
volume of blood in the fingers may be attributed to fluctuations in cardiac output 

Doctor Ballantine's comments regarding recent studies which they have done, showing 
an increase in cardiac output following the administration of tetra-ethyl-ammonium chlor- 
ide are also of interest As we have indicated previously, an increase in cardiac output can 
produce an increase 111 blood flow to peripheral parts which, obviously, should be general- 
ized The desirability, however, of producing an increase in blood flow to a peripheral 
part by this means is, I think, open to question 

With regard to Doctor Berry’s question concerning bilateral sympathectomy, especially 
m certain forms of peripheral vascular disease involving the lower extremities, we have 
come to employ the procedure with increasing frequency 

Dr Morris K Smith, Staten Island, New York (closing) In answer to the ques- 
tion as to whether the plastic tube was lined with vein, it was not Some surgeons used 
glass tubes Plastic tubes have the advantage of being malleable when heated Doctor 
Murray has shown that heparin opens the field for arterial repair 
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Doctor Berry quoted from the experience of the Seventh Army and baid that doubtless 
many cases came to amputation after evacuation I did not use our amputation rate m my 
figures because so many patients with limbs becoming gangrenous had to be sent on before 
we felt they were ready for amputation 

Doctor MacFee brought out a salient feature m arterial injuries of ivar, the wide- 
spread destruction caused by modern missiles A reason the incidence of gangrene is so 
high IS injury to the collateral circulation If we are to have better results in future wars 
It IS important to develop some means of preserving the main blood channel Heparin will 
keep the anastomosis open if it can be used It may be possible to close wounds more 
completely than we do in the average case in order to make heparin less dangerous 

Doctor Reichert raised the question of ligation of the accompanying vein The data in 
my files are not sufficiently detailed to give an answer It is to be remembered that when 
the artery is wounded the vein also is likely to be and therefore to require ligation 

Dr Norman E Freeman, San Francisco (closing) I appreciate very much the 
comments which have been made in the discussion of the place of sympathectomy in the 
treatment of obliterative arterial disease 

In regard to Doctor Reichert's objection, since the patients already had obliteration 
of their femoral arteries it is unlikely that thrombosis of tlie femoral vessels accounted 
for the gangrene after sympathectomy 

In reply to Doctor Maddock and Doctor Ochsner, we are not abandoning sympathec- 
tomy m patients of the older age group In face, we are actually advocating an extension of 
this valuable procedure We believe, however, that arterial ischemia pcr\sc is not an ade- 
quate indication We think that there is a specific indication for the performance of this 
operation The indication is evidence that abnormal constriction of the blood vessels exists 
In the absence of this indication there may be specific contraindications to sympathectomy 
When contraindications are present, widespread denervation of the vascular bed may 
actually result in harm We have simply called attention to a possible mechanism through 
which the nutrient supply of blood to the tissues may be reduced by sympathectomy 

It must be emphasized that this concept is still hypothetical Diversion of arterial 
blood into the veins as a result of sympathectomy still remains to be proved m patients 
with peripheral vascular disease Fimdamental investigations by numerous individuals 
have established certain mechanisms which may be involved Such mechanisms appear to 
explain the unfortunate results which we have occasionally observed 
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Phemister described chondrosarcoma of bone m 1929 as a distinct clinical 
and pathologic entity This group of neoplasms has since been included in 
the classification of osseous tumors by the Bone Sarcoma Registry of the 
American College of Surgeons ^ Reports of chondrosarcomas antedate Phemis- 
ter’s contribution but his efforts focused the attention of American surgeons 
and pathologists on these lesions The 13 cases seen by us during the past 20 
years not only illustrate the general characteristics of the group but also empha- 
size certain difficulties in pathologic diagnosis, surgical treatment and prog- 
nosis We have also reviewed 61 cases from the files of the Bone Sarcoma 
Registry 

Chondrosarcomas may arise in any bone that grows by endochondral ossi- 
fication The sites most frequently involved are the ends of the femur and 
tibia, the proximal end of the humerus and the pelvis These locations account 
for 75 per cent of the 74 chondrosarcomas we have studied 

Chondrosarcomas may arise either centrally or peripherally They form 
bulky masses which invade and destroy adjacent bone and project into the 
surrounding soft tissues They are among the largest neoplasms encountered 
Their external surfaces may be smooth or bosselated They look gray and feel 
firm although large areas may be elastic and even fluctuant, depending upon 
the extent of liquefaction necrosis and the amount of myxomatous tissue pres- 
ent Hard areas usually indicate calcification A part of the tumor may 
appear encapsulated on superficial examination but closer inspection reveals 
that it IS merely circumscribed by distended periosteum Infiltration of soft 
tissues may be seen macroscopically and atrophy of contiguous skeletal muscle 
is commonly found 

One usually has no difficulty in recognizing the hyalin, blue-gray translu- 
cent cartilage that is seen on cut section of most chondrosarcomas It may be 
lobulated by thin fibrous septa but frequently lobulations are indistinct and 
sometimes, absent Islands of myxomatous tissue appear pale and watery 
Ragged, crateriform excavations filled with viscous fluid are found in some 
tumors Irregular deposits of pale yellow , opaque, gritty, hard material indi- 
cate calcification, a common finding Some of the tumors may contain rela- 
tively small fibrous appearing areas and true bone is sometimes found 

The microscopic anatomy of chondrosarcoma 'is extremely variable Each 
tumor may mirror the complete histogenesis of cartilage, or the end product of 
tumor differentiation may contain only one histogenetic phase The more cel- 
lular and more anaplastic areas are usually encountered at the periphery of the 

* Read before the American Surgical Association, March 25, 26 and 27, Hot 
Springs, Virginia 
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tumor The centei is frequently necrotic, calcified or ossified Ovoid lacunar 
cells predominate m typically hyalin areas, spindle-shaped or stellate cells, in 
myxomatous foci Extreme pleomorphism may characterize some tumors or 
paits of an individual neoplasm Matrix may be basophilic and hyalin, ambo- 
philic and foamy, acidophilic and fibrillar or completely absent The amount of 
matrix varies inversely with the degree of cellularity Lichtenstein and Jaffe® 
have stressed the importance of detailed cytologic study in the diagnosis of 
some chondrosarcomas We agree in general with their tenets The cells of 
malignant caitilaginous tumors regardless of type contain relatively large nuclei 
which may be either granular, vesicular, compact or hyperchromatic Cytoplasm 
IS homogeneous, granular or vacuolated Bmucleate cells are piesent, often in 
large numbers Multinucleated forms and even true tumor giant cells may be 
found m some chondrosarcomas Mitotic figures are usually not present in high 
concentrations Vascularity varies widely Most of the blood vessels are con- 
tained in the pseudocapsular tissue and follow septa into the substance of the 
tumoi It is extraordinary how few viable blood channels may be seen in some 
huge chondrosarcomas while other, considerably smaller, may contain highly 
vascular areas One occasionally sees endothelial lined spaces completely sur- 
lounded by neoplastic tissue We have gained the impression that more vas- 
cular chondrosarcomas metastasize more readily than those m which vascu- 
larity IS not conspicuous This may be related to the tendency for these 
neoplasms to invade veins and form tumor thrombi 

Chondrosarcomas affect men more often than women They occur relatively 
later in life than the more malignant osteogenic sarcomas The mean age of 
the 74 cases studied was 38 years, the youngest 13, the oldest 67 It is difficult 
to estimate the real duration of these tumors because many of them give little 
evidence of their presence and some are obscured by their anatomic location 
Only three of our patients had symptoms for less than a year The average 
duration of symptoms m the other nine was 4 5 years but this is heavily 
weighted by those people with recurrent tumors The majority of all the cases 
we have studied had symptoms for more than 12 months before they sought 
treatment Pam or a mass are the common complaints Pam is mild and 
intermittent at first but increases in intensity and becomes constant over a 
long period of time The lesion is usually extensive when a patient complains 
of both tumor and pain Physical examination reveals little unless a palpable 
mass IS present There is occasionally a sensation of increased warmth over 
these tumors, some even appearing inflammatory Other findings are due to 
the mechanical effects of the tumor by limiting motion and impairing function 
On roentgenographic examination chondrosarcomas form poorly delimited, 
bulky masses The central lesions, as Phemister noted, produced expansile 
swelling of the shaft which may be associated either with thickening or disso- 
lution of the surrounding cortical bone Peripheral chondrosarcomas exca- 
vate the bone but are rarely associated with visible evidence of periosteal bone 
formation The bulk of the tumor is extra-osseous Focal areas of calcification, 
when present, produce small, irregular, fuzzy blotches and streaks of increased 
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density Occasionally chondrosarcomas have a bony pedicle We interpret this 
as presumptive evidence of pre-existing osteochondroma Involvement of joint 
spaces IS distinctly rare although most of these tumors arise near the ends ol 
long bones and extend in their long axes 

Chondrosarcomas vary widely m their growth potentialities Some remain 
well localized despite multiple recurrences Others metastasize widely within a 
relatively short time The difficulties encountered in estimating the prognosis 
of chondroid neoplasms and the effects of surgical therapy are best shown by 
specific examples 

The first four cases to be repoited, Nos i to 4 incl , had chondrosarcomas 
in the extremities where clean cut amputation could be performed well away 
from the growths Case 4 was associated with Ollier's disease and multiple 
hemangiomata Despite the multiplicity of benign chondromas only one malig- 
nant cartilaginous tumor has been found All of these patients have remained 
well without recurrence for at least six years, and are undoubtedly cured 

The protracted course of some relatively indolent forms of chondrosarcoma 
are exemplified by the next three cases, Nos 5, 6 and 7 The initial operation 
m each case was inadequate Recurrences followed but no evidence of metas- 
tasis was ever found although the recurrences grew more rapidly and appeared 
more anaplastic than the original tumors 

The eighth case was a sacral chondrosarcoma inoperable from its inception 
It produced peritoneal implants with fatal issue 20 months after the onset of 
symptoms 

With Case 9, there were three cartilaginous tumors The one in the pelvis 
was malignant It recurred after partial excision and eventually metastasized 
to the lungs The histologic appearance of the chondrosarcoma was less dis- 
tinctive than usual Even the metastases lacked the usual cytologic features of 
chondrosarcoma We cannot eliminate the possibility that each of the masses 
described represents an individual neoplasm unrelated to the others This, 
however, seems improbable 

Case 10 is a more highly malignant type of chondrosarcoma than any of the 
previous ones A large cartilaginous tumor containing small areas of undif- 
ferentiated pleomorphic sarcoma was excised from the ilium Metastases 
developed soon afterwards 

Intermnomino-abdominal amputation would seem to offer a better chance 
for cure of chondrosarcomas of the pelvis than would local excision The fol- 
lowing cases were huge tumors removed by hind-quarter section The results 
are disappointing Cases ii and 12 have been reported previously m more 
detail ^ Cases 7 and 10 might have been salvaged by hind-quarter amputation 
but circumstances were such that this operation was not advised 

Not all bulky cartilaginous tumors are malignant The last case (Case 14) 
was a huge chondroma arising from the tibia It was recognized and removed 
locally with a successful outcome 

There are two factors responsible for our poor results The first is improper 
evaluation of the malignant potentialities of some chondroid tumors, the sec- 
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ond, inadequate surgery The differential diagnosis between chondroma and 
chondrosarcoma may be difficult 

Chondrosarcomas may appear encapsulated on macroscopic examination 
but we have not seen any instance in which a distinct capsule intervened 
between chondroid tissue and adjacent cancellous bone On the contrary, 
invasion of the marrow spaces was demonstrated histologically in each case 
Perhaps this accounts for the poor results following curettement or excision 
One is loathe to sacrifice more bone than seems necessary and macroscopic 
examination fails to reveal the true extent of the lesion within bone Our 
experience indicates that benign cartilaginous tumors are well circumscribed 
if not completely encapsulated We have not observed invasion of the spon- 
giosa by neoplastic cells in those chondroid lesions which responded favorably 
to curettement It would seem that local recurrence in bone may be a reason- 
ably good criterion of at least locally malignant chondrosarcoma unless strong 
evidence to the contrary can be adduced When such a recurrence is noted a 
radical removal of the area is indicated if there is to be a cure 

There is little that can be seen on the cut surfaces of some chondroid tumors 
that might lead one to suspect their malignant character Both chondrosar- 
comas and chondromas may be bulky Both may be lobulated Both may con- 
tain gelatinous, cystic or calcified areas Chondrosarcomas, however, seem to 
be more destructive Eccentrically placed chondrosarcomas reduce the affected 
bone to a melange of gritty and hyalin material in which the outline of the 
bone IS seldom retained Both central and peripheral types tend to extend in 
the bone’s long axis 

A final determination of the status of a given chondroid lesion must rest 
on consideration of all the facts Histologic examination is extremely impor- 
tant and particularly the cytologic characteristics stressed by Lichtenstein and 
Jaffe ® The pathologist’s examination must be thorough Many sections are 
essential Close inspection of multiple cut surfaces sometimes reveals small 
fibrous-appearing areas containing tissue totally different in histologic char- 
acter from the tissues comprising the more bulky part of the neoplasm 

We have found no absolute histologic or cytologic criteria which distinguish 
the locally invasive chondrosarcomas from those that metastasize to distant 
organs other than the foci of frank osteogenic sarcoma encountered in only two 
cases The character of the matrix seems to be of little importance Myxoma- 
tous tissue has no evil connotation in our experience Bloodgood reported be- 
nign myxomas of bone that responded favorably to conservative surgical meas- 
ures:^ We have had similar experience Certainly the more aggressive chon- 
drosarcomas seem to be more cellular than those that remained well localized 
A great variety of cell types were found among these neoplasms and in indi- 
vidual members of the group No correlation of type of cartilage cell with 
biologic behavior seems possible The single most constant change that charac- 
tenzed the group was the presence of relatively large nuclei in most of the 
cells The nuclei were either granular or vesicular and attained maximum 
diameters at least one half that of the cells in which they lay This contrasted 
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sharply with the small pyknotic nuclei commonly less than one-third the 
greatest cell dimension seen in most chondromas Binucleate cells were seen in 
all of the chondrosarcomas Tumor giant cells were a distinctly evil omen 
Mitotic figures were found rarely 'among cartilage cells in the great majority 
of our cases. 

The two patients whose metastases contained no cartilaginous elements are 
particularly interesting Had tissue for histologic examination been taken only 
from the bulky 90 per cent of these tumors their true nature would have 
escaped detection. In Case 12 the significant area was obscured by cartilage 
that overlapped the hip joint Even the tumor component that invaded the 
medulla of the femur was frankly chondroid It is possible that some of this 
patient’s metastases may have contained cartilage but permission for post- 
mortem examination could not be secured The second patient’s tumor ( Case 
10) contained multiple foci of highly anaplastic sarcoma imbedded in frankly 
cartilaginous neoplasm No cartilage has been found in any of the metastases 
yet examined There are a nuniber of cases recorded in the Bone Sarcoma 
Registry in which obviously chondroid neoplasms fulfilling the modern criteria 
for the diagnosis of chondrosarcoma developed metastases that contained spin- 
dle cell and/or osteogenic elements but were devoid of recognizable cartilage 
We believe that the prognosis among patients whose chondrosarcomas contain 
foci ‘of anaplastic fibrosarcoma or histologic osteogenic sarcoma, however 
small, is much less favorable than in those whose tumors contain only recog- 
nizable cartilage or its precursors One may argue that there is little difference 
between these two cases and the more readily apparent osteogenic sarcomas 
We would point out that osteogenic sarcomas as commonly denoted are tumors 
affecting younger individuals Frank osteogenic sarcoma among older people 
IS usually assoaated with osteitis deformans Another important difference is 
the slowly progressive character of the lesions This is shown particularly well 
m Case 12 who was known to have had a cartilaginous neoplasm for at least 
SIX years The other example is less convincing although it seems incredible 
that the neoplasm found at operation could have been present for only the four 
months indicated by the history This tumor arose in an inaccessible location 
where a large mass could easily escape detection for a long time and* might 
easily fail to produce symptoms 

There is little doubt that highly malignant chondrosarcomas may evolve 
from benign cartilaginous tumors ® We found no absolute proof of a pre- 
existing benign lesion among any of our cases yet there is good evidence of 
changes in the structural characteristics of individual tumors over long periods 
In at least two patients multiple sections from the first tumors available for 
study failed to reveal unequivocal histologic evidence of chondrosarcoma The 
patterns seen were identical with those found in some phalangeal chondromas 
which responded favorably to simple curettement It is possible that a nidus 
of more anaplastic tissue escaped detection We do not think so The recur- 
rences in each instance were more clearly sarcomatous than were the parent 
tumors In some cases the recurrences became progressively more anaplastic 
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over a period of time It should be recalled that surgery altered drastically the 
natural habitat of the tumor cells affecting their relationships with other tissues 
and particularly their blood and nerve supply and their lymphatic drainage We 
would suggest that competition for survival required the development of new 
characteristics by the neoplastic cells which were reflected in their growth 
potentialities and morphologic features Supporting evidence for this conten- 
tion is found in the work of Spencer and Calnan^^ and Earle ^ The situation 
seems to be exactly analogous to the well-known development of neurogenic 
sarcoma after repeated incomplete excisions of recurrent neurofibromas ^ 
There can be little doubt that chondrosarcomas may evolve “spontaneously” 
from pre-existing chondromas or osteochondromas It seems probable that 
inadequate surgery may contribute importantly to such a sequence of events 

Surgery is the only effective means of treatment of chondrosarcomas 
Roentgen therapy may relieve pain but seems to be totally incapable of reduc- 
ing appreciably the size of the mass in therapeutic dosages We advise amputa- 
tion for chondrosarcomas of the extremities A wide zone of normal tissue must 
intervene between the lesion and the line of amputation if the procedure is to be 
successful This may seem unnecessarily radical in those cases where the 
cytologic characteristics are the only findings that indicate a malignant tumor 
Our decision is based on a comparison of end results of surgical treatment of 
tumors situated in the axial and appendicular skeletons respectively We found 
that most types of chondrosarcoma arising in the pelvis recurred after currette- 
ment or wide excision whereas histologically similar neoplasms affecting the 
extremities were usually cured by clean-cut amputation There is hope for 
patients even with large tumors of the pelvic bones or the trochanteric region 
of the femur but intennnomino-abdominal amputation is a formidable oper- 
ation Our poor results suggest that hind-quarter section should not be 
delayed until everything else has failed Gordon-Taylor’s''' and Pack’s^” expe- 
rience lends support to this opinion For practical purposes it may be wise 
to excise or curette a suspicious chondroid tumor but the experience of Ghorm- 
ley and Meyerding® does not support this If unequivocal evidence of chondro- 
sarcoma be present further treatment will probably be essential We recom- 
mend that this be carried out at once in those patients whose neoplasms are 
poorly differentiated The well differentiated tumors may be expected to recur 
locally before metastasizing It would seem, tlien, that more radical procedures 
can be delayed safely until recuri ence has confirmed the diagnosis 

CASE REPORTS 

Case 1 — F R , No 141241, a man age 58 was admitted to Strong Memorial Hos- 
pital June 8, 1938 Six months ago he bumped the middle finger of his right hand on a 
barrel It did not swell or pain much and did not prevent him from working Two 
months ago the finger had a lump on the dorsum at the distal end of the proximal inter- 
phalangeal joint The joint was stiff There had been a gradual painless enlargement of 
the finger 

ExammaUon showed a greatly enlarged middle finger with a fusiform bony and 
rubbery-feeling growth This was a tumor of the basal phalanx 

Roentgenograms showed a thickened basal phalanx of the middle finger There was 
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irregular overgrowth of bone at the distal end of the phalanx and a large soft part swell- 
ing with fine calcifications 

The finger was amputated and the end of the third metacarpal removed with it 
Local anesthesia was used The result was excellent 

Two weeks after amputation he returned to his work which was of a heavy manual 
type He was able to use his hand without trouble Examination on Sept 30, 1946, 
eight years after operation, showed a normal width of the metacarpal arch The skin was 
healed, soft, and there was no evidence of tumor Roentgenograms of the hand revealed 
a smoothly rounded stump of the metacarpal with no evidence of recurrence 

Pathologic Examination A globular subcutaneous mass distended the skin of the 
proximal phalanx of the third finger which had been amputated with the distal 3 cm of 
the third metacarpal The mass was gray-white, rubbery and translucent on cut section, 
3 5 cm long, attaining a maximum thickness of i 5 cm It replaced the distal centimeter 
of cortical bone of the dorsal surface of the phalanx and extended proximally between 
the periosteum and the extensor tendon almost to the metacarpophalangeal joint 

The tumor was composed of poorly encapsulated atypical hyalin cartilage in which no 
lobulations were seen The cells, grouped together to form highly cellular areas, were 
generally ovoid or fusiform, varied greatly in size and had homogeneous acidophilic cyto- 
plasm and relatively large round granular nuclei with conspicuous central nucleoli (Fig 
0 Multinucleated cells were found in each high power field Tumor giant cells were 
seen occasionally though mitotic figures were absent Many thm-walled blood-vessels 
were present at the periphery of the tumor but the center was avascular and contained 
focal areas of necrosis 

Case 2 — F S , No X8679, a S3-year-old tailor had mild pain in the ring finger of 
his left hand two years before consulting his physician One and a half years before he 
had noted a swelling of the finger He finally went to his doctor because he had steady 
pain in the area 

The finger was amputated in 1937 

Since the operation he has had no signs or symptoms of any kind He returned to 
his work as a tailor and has worked daily since then On Sept 27, 1946, he showed no 
signs of recurrence or metastasis, nine years since his operation 

Pathologic Examination The proximal two-thirds of this fourth finger which had 
been amputated at the metacarpophalangeal joint was distorted by a firm subcutaneous 
mass On cut section the proximal phalanx was completely replaced by a lobulated trans- 
lucent mass of refractile, milky-appeanng tissue which extended along the palmar surface 
of the middle phalanx between the periosteum and flexor tendons The entire tumor was 
8 cm long and 4 5 cm m greatest diameter The center of the lesion was soft and the 
periphery was rubbery. 

Great variation in size and shape of cells characterized the atypical cartilage that 
formed this tumor Most of the cells were stellate or spindle-shaped with pale cytoplasm 
and relatively huge hyperchromatic nuclei Binucleate forms were moderately plentiful 
but multinucleated and tumor giant cells were not found There were no mitotic figures 
The thin basophilic matrix was foamy and pale Lobules were poorly defined The tumor 
was surrounded by highly vascular cellular areolar connective tissue infiltrated with 
lymphocytes Tiny spicules of bone were seen near the periphery of the mass 

Case 3 — No 161676 L L, married female, age 55 . was admitted to the Strong 
Memorial Hospital, Feb ii, 1940 She had had mild progressive pain for one and a half 
vears on the inner aspect of the left foot An enlarging tumor was noted eight months 
ago She had been treated for flat feet by strapping and arch supports without relief Two 
weeks ago for the first time she had x-ray pictures taken Following a biopsy she was 
referred to the hospital for further treatment 

Her family and past histones had no bearing on the present complaint 
Examination showed an obese healthy looking woman She weighed 220 lbs Her 
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vital signs were normal She had a ventral hernia in an abdominal scar Her left foot 
showed a swelling on the medial aspect at the proximal end of the first metatarsal bone 
The mass was smooth, firm, not movable, and measured s x 7 cm It was tender and 
there was edema of the tissues of the dorsum of the foot in this region There was a 
limitation of subastragular motion by approximately 70 per cent 

Laboratory studies showed red blood cells 4,940,000, hemoglobin 14 5 Gm , white blood 
cells 9,600 The Wassermann reaction was negative Roentgenograms revealed marked 
decalcification m all the bones of the foot The cortical bone on the medial side of the 
cuneiform was partially destroyed There was a soft tissue mass in the same area 

A mid-calf amputation was done on Feb 13, 1940 She was discharged with a soft, 
well healed, non-tender stump on March 10, 1940 

She had an artificial limb fitted This worked well till Feb 3. 1943) when 11 
had to be refitted There were no signs of recurrence or metastasis at that time 






Fig I Fig 2 

Fig I — (Case i) Chondrosarcoma of finger (x2oo) 

Fig 2 — (Case 3) Chondrosarcoma of cuneiform bone (x20o) 


On Dec 30, 1946, she was working daily and had no complaints, 6% years since 
operation 

Pathologic Examination A rubbery globular mass 8 cm m diameter and 7 cm thick 
protruded from the medial aspect of the first omeiform bone overlapping the head of the 
first metatarsal and the navicular On cut section the first cuneiform was almost com- 
pletely replaced by soft, glistening, translucent, gray tissue continuous with the tumor 
extending from its medial aspect The medial surface of the mass was covered by tough 
fibrous tissue but the intra-osseous part of the lesion was not encapsulated The tumor 
did not encroach on the joint surfaces 

The cellular neoplasm was composed of atypical hyalin cartilage (Fig 2) The cells 
were round or ovoid and varied widely in size The nuclei were relatively large, granular 
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and had prominent nucleoli Hyperchromatism was moderate The cytoplasm was gran 
ular and acidophilic Multinucleated cells were found in most fields but there were no 
tumor giant cells or mitotic figures The matrix was generally hyalin and basophilic but 
some areas were foamy and stained palely Well formed spicules of bone were seen near 
the edge of the tumor and its medial surface was covered by avascular collagenous tissue 
infiltrated with lymphocytes and plasma cells Fibrous septa traversed the neoplasm 

Case 4 . — Y F , No 780, a 33-year-old man was admitted to Strong Memorial Hos- 
pital Dec 4, 1934 

He has had a long history of multiple fractures dating from infancy There have 
been five fractures of the left femur, two of the left tibia and one of the left forearm 
As a result of one femur fracture he has had a deformity of the left thigh since eight years 
of age Since birth there has been bilateral dislocation of the elbows and small, hard, 
irregular tumors on the digits of the left hand Soft bluish discolorations have been 
present on the left foot, lower leg, about the knees, left hand and forearm In March, 
1924, he had hemoptysis He was put at bed rest for nine months Tubercle bacilli were 
never demonstrated He gained from 98 to 115 lbs during this time There has been a 
right-sided nodular goitre for ii years For one year he has had intermittent pain in the 
left ankle This pain has become steadily worse The only relief is obtained by strapping 
with adhesive He has walked with crutches since childhood and the left leg is eight 
inches shorter than the right He has had occasional spells of dyspnoea, palpitation and 
tachycardia 

His father died at 62 of heart disease, his mother died at 69 of cancer of the rectum 
One sister died at ll of “heart trouble” and one sister died at 35 of “some blood stream 
disease” Two sisters are living and well There has been no family history of bone 
fragility or bony deformities 

Exammation revealed multiple deformities There was an acne-like rash over the 
face, back and buttocks The sclerae were not blue There was an enlarged nodular goitre 
on the right The heart and lungs were normal The blood pressure was 120 systolic, 
68 diastolic The shoulder girdle, spine and pelvis appeared to be normal The left 
humerus was shorter than the right with an old fracture deformity Both radii were 
dislocated at the elbows Both forearms were bowed and malformed, the left more so 
than the right The left ulna showed an old fracture deformity The fingers of the left 
hand have multiple chondromata as also the left toes and foot There were many small 
cavernous hemangiomata on the left hand and forearm The right leg was normal The 
left leg was shorter than the right, with fracture deformity of the left femur, upper third 
There was some limitation of the left hip with muscle atrophy 

Laboratory Exaintnahons showed normal blood, urine and negative blood Wassermann 
The blood calcium was 10 0 mgs per cent and the phosphorus 3 4 mgs per cent Roent- 
genograms showed the characteristic picture of multiple cartilaginous exostoses with 
malformations of the bones characteristic of the disease 

He was advised to have the left leg amputated at the midthigh because it did not 
take part in weight bearing, was painful and a good artificial limb would allow him to 
discard his crutches Amputation through the mid thigh was done under spinal anesthesia 
Convalescence was without incident He was discharged on Dec 22, 1934, in good 
condition He was fitted to an artificial limb and managed it quite well He worked hard 
at his concession putting in long hours daily 

Report on Dec 24, 1946, from Chicago, 111 , where he is now living was that he “is 
feeling fine and working daily ” This is 12 years since operation 

Pathologic Examination The leg bones were bowed anteriorly and laterally The 
skin was studded with hemangiomata, some of them pedunculated Other hemangiomata 
were found in the subcutaneous tissues of the leg and foot The bones were studded with 
irregular masses of typical hvahn cartilage The second toe was almost replaced by a 
friable cartilaginous mass 
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The lesion of the tpe contained areas of atypical hyalin cartilage and others that were 
frankly myxomatous These types of tissue were sometimes mixed together The cells m 
the hyalin areas were moderately numerous, ovoid with relatively large granular nuclei 
which became hyperchromatic at the periphery of these areas Stellate cells of the myxo- 
matoid zones had rather small compact nuclei Binucleate forms were found m each high 
power field but no tumor giant cells nor mitotic figures were recognized The tumor was 
only partly encapsulated since masses of neoplastic cells were found adjacent to relatively 
normal appearing bone Septa were rudimentary and vascular Endothelial lined spaces 
filled with blood were found imbedded in tumor cartilage 

Case 5 — No 150027, I L, married female, age 33, was admitted to the Strong 
Memorial Hospital, Feb 13, 1939 She first became aware of a haid tumor on a rib just 
below her left breast in April, 1933 There were no accompanying symptoms Her 
physician advised watching the tumor, which was about the size of a red kidney bean 
One year later it had increased to the size of a lemon It was removed with a piece of the 
nb — “about four inches long” according to the patient Convalescence was uneventful 
Fifteen months later a small nodule appeared in the scar at the site of the first tumor and 
a second soft, non-tender, fast growing, movable, fluctuant area at the end of the scar 
By the spring of 1937 she began to have aching and tenderness in the tumor In the 
summer of 1937, seven irradiation treatments were given at the State Malignant Disease 
Institute Tenderness and soreness increased locally following this In October 1938 a 
mass was removed at a hospital m Syracuse, N Y 

Her family and her past histones did not contribute to her present condition 
She was a well nourished, handsome young woman Her vital signs were normal 
1 liere was a scar on the left chest from the xiphoid along the 7th nb to the axillary line 
A moderately tender mass, measuring 5 x 10 ems was present extending over the 7th, 
8th and 9th ribs m the midclavicular line There were two other movable masses of I x 2 
cm and i x i cm noted in the anterior axillary line The lungs were normal to physical 
examination The rest of the physical examination did not reveal anj thing significant 
Laboratory Studies showed red blood cells 4,200,000, hemoglobin 13 5 Gm , white 
blood cells 6,000 Wassermann reaction was negative 

Roentgenograms indicated that there were no metastases m the lung fields The 
tumor involved the 7th, 8th, and 9th ribs and cast a sharply defined ovoid shadow with 
a network of calcification within the mass 

On Feb 16, 1939, a resection of the 7th, 8th and 9th ribs was done in one block 
with all the intervening tissues and including the separate nodules A good margin was 
given and great care taken not to expose any of the tumor It was evident at operation 
that the tumor had broken through its original capsule It had extended by direct con- 
tinuity along the fascial planes and across the pleura on the inside of the chest The 
diaphragm and the lung gave no evidence of involvement 

She made a good recovery and was discharged to her home on March 8, 1939 
She was completely symptom free and gained in weight until July 25, 1939 Then 
she had pain starting in the mid-dorsal spine and radiating around the chest wall along 
the scar Pam was accentuated by motion, standing, fatigue, and relieved by recumbency 
The pain had become persistent and severe so that she had been given “pain pills” for 
relief 

On examination she showed tenderness over the 6th dorsal vertebra and moderate 
sensitiveness in the scar There were no evidences of recurrence at the site of operation 
Nothing else of importance was found Studies on the blood were almost identical with 
those of her first admission 

Roentgenograms showed malignant invasion with destruction of the left pedicle of 
D6, both pedicles of D7 and a partial involvement of the posterior aspects of the bodies of 
both D6 and D7 There was moderate deformity of the paravertebral structures Radia- 
tion treatment with x-rays was given consisting in 2000 “r” units in 10 days She was 
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placed on bed boards and at complete bed test Relief fiom the pain was quite marked as 
long as she was recumbent Upon getting up pain returned with lessened severity She 
was discharged on Oct 21, 1939 

In late December, 1939, her right leg became weak and slightly numb In another 
month both nght and left legs had become completely paiahzcd with loss of all sensation 
There w'as also incontinence of 111 me and feces On tins admission there was a kyphosis 
at D7-S and 9, complete loss of sensation below D8, a small nodule on the left third rib 
in the mid-claN icular line , and a freely movable lemon-sized mass above and lateral to her 
right breast Her hemoglobin was now' 122 Gm Steieo examination of the spine indicated 
marked destruction of the bodies of the 6th and 7th dorsal vertebrae and involvement of 
the rib ends There was also invasion of the nth rib and the lith dorsal vertebra Gall- 
stones were present She responded w'ell to aspirin and codeine therapy She was put on 
constant bladder drainage She w'as discharged to her home on June 29, 1940, wheu 
she died during tlie summer 



Fig 3 — (Case 5) Recuricnt chondrosarcoma of rib 


Pathologic Exammation — The specimen, weighing 250 Gm , consisted of segments of 
three ribs, each 14 cm long The central nb w'as obscured by a resilient circumscribed 
ovoid mass measuring 95 x65x6cm which covered the central part of the adjacent 
ribs and distorted the pleural and muscular surfaces of the specimen Mucoid material 
oozed from the gray translucent lobulated cut surfaces leaving scattered craters lined 
with ragged tissue The central nb was entirely destroyed within the tumor and the 
adjacent ribs were eroded A tongue of nodular tumor tissue extended dorsad along the 
outer border of the central nb invading the intercostal muscles A nm of normal appear- 
ing bone and muscle at least i cm wide separated the tumor from the dorsal edge of 
the specimen (Fig 3) 

The cartilage m this neoplasm was atypical and highly cellular There W'ere ovoid 
cells with relatively large vesicular nuclei and spindle-shaped and stellate cells with rela- 
tively small hyperchrom'atic nuclei These types w'ere present in approximately equal con- 
centrations Cytoplasm was scanty Binucleate forms were commonly found but no tumor 
giant cells or mitotic figures were seen The matrix was pale and vacuolated and w'as 
absent m the areas where the stellate and fusiform cells predominated The tumor w'as 
confined by a thin nm of poorly vascular collagenous tissue 

The nodules noted in the intercostal muscles possessed the same cytologic charac- 
teristics as the parent tumor They were circumscribed but not encapsulated 

Case 6. — M F, No 104576, a 54-year-old housewife, was admitted to Strong 
Memorial Hospital on July 15, 1935 
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She suffered a severe fall injuring her right thigh and knee eight years ago While on 
ship board three years ago she had another fall One year ago she noticed difficulty in 
getting up and down stairs She began to have stabbing pains radiating around her left 
chest from the spine to the lower portion of the sternum three months ago For several 
weeks while this pam persisted there was an extremely sensitne zone m the involved skin 
area For the first time one month ago she had numbness of her feet This numbness has 
gradually progressed upward with a sense of weakness at the same time She has had to 
use crutches to get around 

Her family and past histones were non-contributorj' 

Examination gave tenderness on pressure over Th 3, 4, and S There were hyper- 
active biceps and triceps reflexes on the left, and a bilateral positive Babinski Sensory 
changes to pin prick, touch, hot and cold at Th 6 Vibratory sense was lost below level 
of ischial spines 

Laboratory studies showed normal blood and urine Wassermann on the blood was 
negative Radiograms showed a destructive erosion of the pedicles of Th 4 compatible 
with tumor growth 

Laminectomy was done A hard, round, circumscribed nodular tumor was encoun- 
tered It measured 3 5 x 4 0 cm in diameter There were two portions of the growth, one 
involving the muscles of the back and the other an mtraspinal extension All the tumor 
was looped out except for a thin shell which was left between the 4th and 5th ribs 
on the pleura 

The postoperative course was uncomplicated The positive Babinski bilateral signs 
disappeared She had almost complete restoration of the power of her lower extremities 
She was discharged on Aug s, 1935 

She was readmitted on July 28, 1936 She had regained full use of her legs and her 
only complaint was crampy pains over the left scapula These pains first appeared in 
Mar 1936 and had gradually increased in seventy, causing her to cry out There had 
been sweating of the right side of the face, right arm and axilla for the past three weeks 

On examination the only significant finding was that the right knee jerk was a little 
more active than the left 

Laminectomy with partial excision of the tumor was carried out The tumor had 
extended into the thoracic cavity ' 

She was discharged in good condition on Aug 18, 1936 

Her third admission was on June 8, 1937 At this time she had difficulty in walking 
and pain in the right hip She had a band of anesthesia corresponding to T3 and T4 
(two roots sectioned at last operation) The right leg was weaker than tlie left Roent- 
genograms showed traumatic arthritis right hip — old (injury) 

Her fourth admission was on Jan 3, 1938, because of inability to walk This com- 
plaint had been present one week There was discomfort, weakness and pain in the right 
shoulder and in both thighs There was anesthesia to pm prick, touch and temperature to 
Th 2 The old masion was opened and access to the intrathoracic portion of the tumor was 
obtained by removal of portions of 3rd, 4th and 5th ribs Tumor tissue was resected as 
completely as possible She made a beautiful recovery with return of sensation to prac- 
tically normal A course of deep roentgenotherapy was given 

She died at her home in the summer of 1939 No postmortem study was made 

Pathologic Examination The three surgical specimens appeared similar They were 
moderately small pieces of cartilaginous tissue varying m consistency from soft to firm 

The original neoplasm was made up of atypical adult type hyalin cartilage in which 
groups of small ovoid cells were separated by homogeneous basophilic ground substance 
The cells had acidophilic cytoplasm and relatively large granular nuclei Multmucleated 
forms were seen m each high power field but there were no tumor giant cells nor mitotic 
figures Some areas were necrotic A moderately vascular capsule was seen in some areas 
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but tumor cells filled the marrow spaces of adjacent bone Septa were poorly defined 
(Fig 4 )- 

The first recurrence was more cellular Nuclear hyperchromatism was conspicuous 
Some bizarre nuclei were seen The entire lesion was more vascular than the original 
tumor (Fig s) 

The second recurrence was more anaplastic although still recognizable as chondroid 
tissue The hyalin matrix contained acidophilic fibrils Tumor cells were larger and giant 
forms were found easily but only a few mitotic figures could be seen The periphery of 
the neoplasm was very vascular (Fig 6) 
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Fig 4 Fig s 

Fig 4 — (Case 6) Chondrosarcoma of spine Photomicrograph of original tumor (x2oo) 

Fig 5 — (Case 6) Recurrent chondrosarcoma of spine The tumor is more poorly differ- 
entiated than the original neoplasm excised one year previously (x2oo) 


Case 7 . — Hosp No 90595, H A , single female, social service worker, age 40, was 
admitted to the Strong Memorial Hospital, June 22, 1934 While looking in a mirror three 
months previously she had noticed that the left hip was more prominent than the right 
On examining the hip she had found a tumor Two months ago she had had pain down 
the lateral and posterior surfaces of the left leg as far as the ankle This pain was worse 
when she worked hard or got tired It was worse at night and had persisted till the time 
of admission There had been tenderness over the swelling recently but no motor weakness 
She had been dieting and had lost 18 pounds 

In June, 1933, she had a sudden attack of blindness in the left eye She went to an 
ophthalmologist who diagnosed a thrombosis of the central artery of the retina Under 
his treatment she had recovered part of her vision in the lower half of the field but the 
upper half remained blind 


907 



MORTON AND MIDER 


AnnaU of Surgery 
December, 1947 


She had had bilateral slipping patellas since childhood One side had been dislocated 
13 times, the other 14 or 15 times Her father, a physician, had always reduced the 
dislocations witliout difficulty There had been no slipping in the last 10 years 

She was well developed and obese, comfortable and cooperative There were many 
pin-head to bean-sized rusty areas of keratosis over the trunk The vision was normal in 
the right but only 20/200 in the left eye The left pupil was slightly larger than the 
right The left fundus showed secondary optic atrophy with marked reduction in the 
calibre of the retinal arteries There was a huge swelling in the left gluteal region extend- 
ing as low as the gluteal fold It distorted the whole gluteal area Tlie tumor extended 
almost to the midline of the abdomen, above the iliac crest and down to the level of the left 
greater trochanter It was deep under the muscles, was firm, semi-elastic There were a 
few dilated vessels in the skin over it and a sensation of increased warmth No nodes were 
palpable in the groin Rectal examination gave no evidence of extension into the pelvis 
The tumor area measured 15 0 cm x 8 o cm x 80 cm There was no limitation of motion 
in the femur 

Laboratory Studies showed red blood cells 5,600,000, hemoglobin 13 Gm , white 
blood cells 6,400 Wassermann on the blood was negative Roentgenograms of the chest 
were negative for metastases Roentgenograms of the left pelvis showed multiple patches 
of partial calcification scattered over the region of the buttocks There were three dis- 
tinct punched out aieas through the upper portion of the ilium as if invasion had taken 
place The roentgenographic picture was typical for chondrosarcoma of the ilium 

The consensus was that operation could not be done and although this tjpe of tumor 
was known to be radioresistant, a course of radiation therapy was decided upon During 
the next six months she received x-radiation therapy in 300 r doses for a total of 13,500 r 
There was no appreciable effect upon the tumor Accordingly on Jan 3, 1935, the tumor 
was exposed and found to spring from a 10 cm wide base near the upper crest of the 
ilium This pedicle was divided with a chisel and the mam portion of the tumor thus 
removed The area of the pedicle was next chiseled out with a good margin, making a 
hole through the bone Several small fragments of cartilage were broken off during the 
operation and the wound was thoroughly washed out at the close The gluteus muscles 
were preserved carefully Silk was used throughout The operation took three hours 
There was no shock A transfusion of 400 cc of citrated blood was given late in the day 
The wound healed by first intention She was discharged on the iith postoperative day 
She recovered rapidly, walked without a limp and resumed her job as a visiting social 
service worker a month after operation Roentgenograms showed a hole through the ilium 
and no signs of remaining tumor in the bone 

Six months later (June 19, 1936) a good sized nodule was found in the scar It was 
removed without ever exposing any of it 

Her next recurrence was discovered on Oct 29, 1937 It was excised with tlie 
radio-knife without any difficulty 

In Nov of 1938 she began to get sciatic pain along the back of the left thigh She 
walked with more of a limp No signs of recurrence could be found on examination By 
Jan 1940 it became apparent that she had another tumor On Mar ii, 1940, the tumor 
was again excised It arose from inside the ilium and had extended through the opening 
made in this bone It was very difficult to dislodge and finally in order to control bleeding 
from the sciatic artery, it was necessary to remove it rapidly in pieces The tumor con- 
sisted of firm cartilage It weighed 1270 Gm and measured 18 o x 15 0 x 10 0 cm Sero- 
sanguinous fluid collected in the dead space necessitating aspiration She went home in 
good condition on the 12th postoperative day 

In Dec of 1940 she presented two recurrences— one the size of a hen’s egg— the 
other, the size of a ripe olive These tumors ivere easily removed They measured 70 
X 5 o X 4 o cm , and 20x20x40 cm respectively She was in the hospital for ii days 
She continued to have sacro-iliac and sciatic tenderness and numbness m the great toe 
Local injections with I per cent procaine and epidural injections of 05 per cent procaine 
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produced temporary relief Physiotherapy was of some help but the pain became so per- 
sistent that a chordotomy was performed at the level of D4-S- and 6 She was completely 
relieved of her pam by this procedure and was discharged on June 22, 1941 

Her next admission was in July 1941 A large tnlobed tumor with an intrapelvii 
extension and two posterior ones was removed The sciatic nerve had been compressed 
to a thin area by the pelvic portion of the tumor The tumor measured 10 0 x 10 0 cm , 
weighed 500 Gm It was cystic m the interior containing a thick tapioca-like gelatinous 
material She was discharged on the 16th day after operation There was a foot drop and 
flail-like ankle A foot drop brace was necessary to stabilize her walking 
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Fig 6 Fig 7 

Fig 6 — (Case 6) Second recurrence of chondrosarcoma of spine Case 6 
more anaplastic than previously excised specimens (x 200) 

Fig 7 — (Case 7) Chondrosarcoma of ihum Photomicrograph of original 

tumor (x 200) 


It was necessary to aspirate fluid from the dead space left by operation This was 
done about once a month for the next three months She worked daily making up to 10 
calls on some days In late October 1941 culture of this fluid showed non-hemolytic 
streptococci and S' albus The area was incised and drained Gramicidin was introduced 
into the abscess cavity It healed in about one month but in Mar 1942 the tumor had 
extended through the scar ulcerating the epithelium over it Consequently on Apr 2, 1942, 
this nodule vas excised and she went home two days later She continued with her work 
coming to the office for dressings The wound was infected with Staphylococcus aureus 
and B pro feus It had a disagreeable odor which was cleared by treatment with azochlor- 
amide in tnacetin oil Dressings were done e\ery two or three days with slow healing but 
tumor tissue began to appear again Accordingly the whole aiea was curetted out under 
sodium pentothal anesthesia on June 12, 1942 Gramicidin was introduced into the cavitv 
and alternated with acetic acid o 5 per cent as B pyocyaneus infection as well as B protcus 
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was present The situation appeared to be very bad but healthy granulations formed and 
pinch grafts were applied to them She was discharged on July 26th For the remainder 
of the year she continued with her work although the wound required much attention 
She also developed lack of bladder control and frequency She also had progressive con- 
stipation It was found that she had loss of vesical and anal sphincter tone on a neuro- 
logical basis She had acute pyelitis and cystitis due to B coh Sulphadiazine brought the 
temperature to normal and gave relief to her bladder symptoms 

On Mar 7, 1943, she was admitted to the hospital for the last time She had had six 
weeks of gradually progressive intestinal obstruction Her bowel movements had decreased 



X 

i - 



Fig 8 — (Case 7) Macroscopic appearance of typical recurrent 

chondrosarcoma 


to two times a week She had had loss of appetite, nausea and vomiting increasing in 
frequency The tumor had grown rapidly in size She had lost weight Everyone was 
much impressed by her courage m facing her problem There was a firm irregular mass 
in the L L Q inguinal area There were huge firm fixed nodules over the left hip and 
iliac area Her course was progressively downhill She had a chill with cyanosis and 
dyspnea on Mar 12th, possibly a lung metastasis On the 17th her left leg became tre- 
mendously swollen and edematous She became moribund on the 19th and expired quietly 
on March 22, 1943 

Pathologic Examination — The globular, coaisely nodular, firm, original specimen 
weighed 1,415 Gm and measured 19x13x11 cm It was enclosed in a tough fibrous 
capsule which was continuous with the periosteum of the bony pedicle by which the lesion 
was attached to the ilium The cut surfaces w’ere made up of a mosaic of firm, translucent, 
gray hj aim cartilage, softer areas of gelatinous consistency and stony hard foci of yellow- 
white gritty material Well formed fibrous septa traversed the mass The base of the 
tumor was sharply delimited from the bony pedicle but the adjacent bone appeared 
eburneous 
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Histologically the neoplasm was composed of atypical hyalin cartilage which was well 
encapsulated and lobulated but poorly vascular All of the cells were ovoid, lay in lacunae, 
and had well defined acidophilic cytoplasm with small compact nuclei Sections taken from 
the periphery of the tumor were more cellular and the nuclei were relatively much larger 
Bmucleate forms were found only in these regions Spotty areas of calcification were found 
throughout the mass (Fig 7) 

All of the recurrences appeared similar on macroscopic examination They were gen- 
erally spherical or ovoid and rubbery All were encapsulated and on cut section mucoid 
material filled with irregular masses of soft cartilage escaped from the centers This gave 
the lesions the appearance of thick-walled cysts with extremely ragged linings The walls 
were translucent, gray-white and firm (Fig 8) 

Each of the first four recurrences had a similar histologic pattern resembling, in gen- 
eral, the peripheral part of the parent tumor The cartilage, though distinctly hyalin in 
type, was moderately cellular The cells were ovoid, small and possessed relatively large 
nuclei Their cytoplasm was coarsely granular Lobulations were indistinct and the rudi- 
mentary septa were highlj’’ vascular 

The fifth recurrence was different from any of the previous material examined from 
this patient It was far less cellular but the cells had relatively huge nuclei Many cells 
were .round and had several nuclei arranged peripherally m the cytoplasm forming cres- 
centic structures 

The sixth recurrence resembled the original tumor 

There was no difficulty in recognizing the tissue from the seventh recurrence as car- 
tilage but It was the most anaplastic of all the specimens The round cells varied widely in 
size Their nuclei w'ere relatively enormous and cytoplasm was granular in small cells, 
vacuolated in the larger ones Multinucleated forms were plentiful The matrix was 
hyalin m some areas, foamy in others but lacunae were generally well defined The few 
fibrous septa that penetrated the mass were extremely vascular and some endothelial lined 
spaces filled with blood were found imbedded in cartilage (Fig 9) 

The specimen obtained at postmortem examination contained all of the types of tumor 
described above excepting that of the seventh recurrence The capsule was deficient 
Tumor cells infiltrated the surrounding tissues Bmucleate cells were commonly seen and 
most nuclei were relatnely large No metastases were found 

Case 8 — C C, No 2707, a 21 -year-old girl was admitted to the Strong Memorial 
Hospital Sept 4, 1926 

She was suffering with severe sacroiliac pain, urinary incontinence, extreme constipa- 
tion and vomiting She had had a sudden attack of severe pain m the left sacroiliac region 
20 months ago She was in bed for one month before the pain left A swelling in the 
sacral region with some tenderness was discovered and there was “black and blue” skin 
discoloration of the perineum at this same time Early in the attack she had loose watery 
stools but within a short time constipation was the rule She had passed mucus and blood 
m the stools She returned to her work after one month and worked until 13 months ago 
Then the attack was repeated After five days an exploratory operation was done and an 
inoperable sarcoma was found She had to be catheterized four times while in the hospital 
Eight months ago pain recurred again and the swelling became more pronounced She 
was given a course of roentgen ray therapy Pam disappeared for three months but upon 
Its return another operation of some sort was done The pain increased in seventy requir- 
ing morphine for relief Loss of appetite and vomiting became the rule She dropped 16 
pounds in weight 

Her family history had no bearing on this condition and she had always been healthy 
herself until this illness 

Examination revealed an emaciated girl, sallow in complexion and in much pain The 
abdomen showed a prominent bulging on the right from the umbilicus to the pubis A 
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tumor was readily palpable, arising from a bard firmly-fixed posterior growth Two 
scars of preiious operations were present in the midline The \ul\a were gaping and the 
perineum bulging from the pressure of a hard firmly attached smooth tumor which filled 
most of the pelvis She was totally incontinent of urine A mass could be palpated b\ 
rectum There was a visible tender swelling o%'ei the right sacrum 

Lahoiatoiy studies gave RBC 5,110,000, hemoglobin 80 per cent, W B C 5,000 
Wassermann on the blood negative Roentgenograms showed a tumor mass completed 
obliterating the lower pait of the sacium Theic weie strands of calcification in part of 
the tumor 

Because of intestinal obstiuction a colostomy was done on Sept ii, 1926 This 
relieved her obstructive sj mptoms and the bowel functioned w'cll through the artificial 
opening for tw'o months until she succumbed 

Pathologic Evammatiou — Tissue renio\ed from the pelvic mass at operation was made 
up of parti} encapsulated, aiascular, poorly formed chondroid tissue The cells varied 
widel} in size and shape w’lth blunt spindle and ovoid cells predominating The large 
granular nuclei had prominent nucleoli The matrix was foamy, basophilic, mucoid mate- 
rial No lacunae were present Tumor giant cells and mitotic figures w'ere not found 
At postmoitem examination a tumor mass at least 20 cm in greatest dimension pro- 
jected from the ventral surface of the sacrum, which w’as almost completel} destro}ed 
The mass extended into the recto-vaginal septum, through both sacro-sciatic notches and 
destroyed both sacro-iliac joints and the adjacent portions of the ilia On cut section the 
mass contained many cysts filled with a iiiixtiiie of gelatinous material and friable pink 
gray tissue w'hich made up tlie bulk of solid material in the neoplasm The estimated 
weight of the tumor w'as 2,500 Gm Metastases were found in the superior ramus of the 
left pubis and implants of polypoid, cystic tumor nodules w'ere seen throughout the peri- 
toneal cavity The tumor produced bilateral hydroureter and hydronephrosis and obstructed 
the sigmoid colon 

Sections from the tumor and its metastases appeared identical w'lth those examined 
from the surgical specimen (Fig 10) 

Case 9 — No I370'5g, L L, single female, age 60, was admitted to the Strong 
Memorial Hospital, Nov 21, 1937 On Mar 18, 1927 a tumor of the right chest wall w'as 
removed in Ogdensburg, N Y Portions of the 31 d and 4th ribs were taken with the hard 
nodular tumor which was reported from the Bender Albanv laboratory as benign chon- 
droma She had had it about five years before operation There had been no recurrence 
Three years ago (1934) she discoveied a small swelling in the right lumbar region It 
gave no symptoms till one year later For the last two years there had been a stinging 
and burning sensation in this region especially when she became tired Two months ago 
the discomfort increased m severity and there was radiation down the anterior aspect of 
the right thigh The swelling grew rapidly in size Medication w'as necessary to relieve 
pain and to permit sleep 

She had an injur} to her back five years ago It caused soreness for several days 
but there had been no subsequent sj mptoms For 2-3 years there had been attacks of 
dizziness, coming on suddenly and lasting seveial days 

She was a well developed, well nourished woman vvith arteriosclerotic vessels There 
w as an operatwe scar under the right breast wuth a defect in the bony cage due to removal 
of the 3rd and 4th ribs In the right lower back w'as a large firm mass occupying the 
position of the posterior right ilium It extended as far up as the rib cage on the right 
and as far over as the sacro-ihac joint which was partially obscured by it It had a bony 
firmness There were many dilated skin v'cssels over it and a locall)’^ increased temperature 
There was no pulsation in the tumor Movements of the lumbar spine were definitely 
restricted The mass measured 10 x 15 ems in diameter 

Lahoiatoiy studies sliow'ed red blood cells 4,160,000, hemoglobin 125 Gm , white 
blood cells 6,300 Her blood pressure was 145 s}stohc/9o diastolic There were 15-20 
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white blood cells and 1-2 red blood cells per high power field in the urine Blood calcium 
was 9 4 mgs per cent, blood phosphorus 4 2 mgs per cent, serum alblumin 3 16 Gm per 
cent, serum globulin 2 0 Gm per cent Roentgenograms showed a massive bone tumor of 
the right ilium which replaced all the normal bone adjacent to the right sacro-iliac joint 
The bone had a cystic appearance with ill defined septa, typical of chondrosarcoma 

A partial resection of this large tumor was carried out on Dec 7, 1937 It was 
impossible to remove the portion which extended across the region of the sacro-iliac 
joint Tumor tissue was curetted away to bare bone wherever feasible There was con- 
siderable loss of blood The wound became infected with S aureus and for one week she 
ran a fever Roentgenograms of the chest showed a resected area of the 3rd and 4th 
anterior ribs and a metastatic nodule 4 ems in diameter near the right costophrenic angle 
She was discharged feeling quite well with relief of pain 30 days after operation The 
wound was still draining somewhat 

The nodule in the lung Held was considered a long standing one as it snored a large 
size and dense structure 

Following operation she gained in weight and strength She had little trouble in get- 
ting around Onlj'^ occasionally did she have a twinge in her thigh She was seen in Oct 
1939, had been to the World’s Fair in New York without any difficulties She came for 
check up as she was having dizzy spells and some return of the pain m rier right sciatic 
distribution Her brother, a phjsician who referred her here, had died of coronary heart 
disease five months before, leaving her without family connections She feaied that she 
would become a chronic invalid and was tense and apprehensive On this examination she 
showed an increasing hypertension w'lth blood pressure of 180/96 — a slightly enlarged 
heart Films of the chest showed a slight increase in the size of the lesion — it now measured 
S ems as compared to 4 2 ems m 1937 There was a local recurrence in the pelvis but it 
appeared that the partial removal of the tumor had been worthwhile 

She came into the hospital for the third time on June 26, 1940, because of pain in the 
right hip This pain was worse in walking It radiated down to the calf Examination 
showed some extension of the bony tumor lateralwards but not marked Her hypertensive 
sjmptoms were uncontrolled She still had dizzy spells and nausea A course of radiation 
1,400 r units gave only partial relief from her pain 

At her fourth admission on January 9, 1941, she stated that she had had considerable 
relief from her x-ray therapy of six months ago Also, the hypertension symptoms had 
been much improved There was a hard mass in the right ilium — 15 ems in diameter The 
red blood count was 4,730,000, hemoglobin 15 Gm and white blood count 5,600 Roent- 
genograms showed no change m the bone tumor but a slight increase in the metastatic 
tumor in the right lower lung field It now measured 6 ems across Radiation treatment 
with 2,100 r units gave some but not complete relief 

Her fifth and last admission was for severe pain in the epigastrium with radiation 
to the back between the scapulae It had begun three days previously There was nausea 
but no vomiting and bowel movements had been regular The pain shifted to the paraum- 
bilical region especially to the right Her temperature was 38 5°, pulse 96 Respirations 
24, blood pressure 190 systolic/85 diastolic There was marked generalized abdominal 
spasm and tenderness over the region of the gallbladder The white blood count was 
f 2,000 She was watched and showed improvement, the tenderness subsiding in three days 
There had been persistent distention despite treatment Paracentesis showed no fluid 
Roentgenograms revealed a distention of the small bowel consistent with obstruction At 
operation under pentothal sodium and local procaine the gallbladder was normal A left 
ovarian cyst was impacted in the pelvis, trapping the small intestine The cyst was easily 
removed freeing the bowel Closure was made with silk Although the operation was 
simple and practically without blood loss, the blood pressure dropped rapidly during oper- 
ation following administration of the sodium pentothal She was given plasma with a 
restoration of her pressure to normal But during the night her condition became worse 
Her temperature rose to 41°, the pulse was rapid and weak The next day her fever 
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in diameter, were found nearby No connection with bronchi could be demonstrated in any 
of the pulmonary lesions (Fig 12) 

The pelvic mass was distinctly more cellular than formerly and the matrix, while 
essentially hyalin, appeared stringy and foamy Lacunae were well formed Most of the 
cells were ovoid with small dark nuclei but a few stellate and spindle-shaped cells were 
found in lobular peripheries 

Tissue from all of the pulmonary masses appeared similar histologically They were 
completely encapsulated masses of atjpical adult type hyalin cartilage The cells varied 
in size but all were ovoid with small dark nuclei and lay in lacunae The matrix was 
well formed The largest mass was partly calcified 

Another pertinent finding at necropsy was bilateral massive adrenal hemorrhage 

Case 10 — No 248107, W S, widower, age 46, was admitted to the Rochester 
Municipal Hospital, May 17, 1946 He was in goo'd health till seven weeks ago At that 
time he had a sharp pain in his right lower thigh The pain lasted for a short time and 
recurred about two weeks later He found a mass the size of his fist on the iliac bone 
One week ago he had a pulling sensation in his right testicle and a dull aching pain m his 
right thigh He consulted his doctor w'ho took x-rajs and referred him to this hospital 
He had lost eight pounds in a j ear but did not know w’hen 

In his past history he had been healthy He had had no disease of any sort His 
family history had no bearing on the present illness 

Examination reiealed a w'ell developed and w’ell nourished man He w'as in need of 
some dental care for cavities He had a blood pressure of 180 systolic/ioo diastolic There 
was a bony hard mass m the right low'er quadrant fixed to the crest of the right ilium It 
measured 15 cms in diameter and was smooth, rounded and slightly tender The external 
border of the ilium was thickened but the major part of the tumor extended medially and 
posteriorly toward the sacro-ihac joint 

Laboratoiy studies show'cd red blood cells 5,210,000, white blood cells 7,000, hemo- 
globin 16 Gm The platelets and the differential count were normal The Wassermann 
reaction was negative His blood contained calcium 102 mgs per cent, phosphorus 40 
mgs per cent, acid phosphatase 2 i and alkaline phosphatase 5 9 King-Armstrong units 
Roentgenograms of the chest w'ere negative for metastases The right ilium in its posterior 
portion contained a tumor mass -which measured pox 10 o cms This consisted of clear 
zones surrounded by patchy dense calcified areas, irregular in outline and ragged m 
appearance It w'as a typical chondrosarcoma The lesion extended almost to the trans- 
verse process of the 5 th lumbar vertebra 

On May 22, 1946, a wedge of ilium ivas taken out giving a good margin to the tumor 
all around it It w'as necessary to remove the transverse process of the fifth lumbar 
vertebra in order to get access to the* tumor A bridge of bone was preserved from the 
sacro-sciatic notch to the sacrum The peritoneum w'as not entered but pushed aside to 
expose the growth The tumor had extended posteriorly under the gluteus muscle The 
muscle bundles were divided down to the bone w'hich was exposed all the way to the 
sciatic notch Closure was made in layers with silk The operation took three hours 
Ether anesthesia was used Transfusion of 1,500 cc of blood and 700 cc of normal saline 
was employed throughout the operation There was no shock He had retention of urine 
postoperatively It was necessary to put him on constant drainage Sulfadiazine was given 
He developed a wound infection and an abscess in the dead space This was drained 
B subtihs W'as cultured from the pus His wound W'as treated by hot compresses and he 
was given penicillin The wound granulated and slow'ly healed He w'as discharged on 
July 15, 1946, to get about on crutches On Aug 5. 1946, he was in excellent shape He 
had an aching sensation on sitting but no pain elsewhere He had not borne weight but 
roentgenograms taken as check films postoperatively showed a surprisingly good bridge of 
bone which appeared to be substantial enough to stand stress 
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Fig 13 — (Case 10) Chondrosarcoma of ilium, posterior 
view Case 10 
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He was readmitted on Nov 6, 1946 He had gained 30 pounds since his previous 
admission There had been pain in the course of his sciatic for about one month A mass, 
which felt hot, was noted near the anterior superior spine about one week previously It 
was excised with a wide margin and a portion of the ilium taken with it on Nov ll, 1946 
Following this operation he suffered with sciatic pain and numbness and tingling over the 
plantar surface of the foot A myelogram showed a space displacing mass at the Sth 

lumbar disc space This area was explored on Dec 23, 1946, and a metastatic nodule was 

found Bilateral chordotomy was done under local anesthesia at the level of 3-4 and Sth 
thoracic vertebrae on Jan 8, 1947 This gave him freedom from pain He had inconti- 
nence of bowels and bladder for some weeks after operation The bowels gradually 
improved but it was necessary to do a suprapubic cystostomy on Feb 27, 1947 Paraplegia 
developed gradually and a mass appeared in the right lower quadrant of the abdomen 
Exitus occurred June 12, 1947 

Pathologic Evamination — The original specimen consisted of the posterior two-thirds 
of the right ilium including the sacro-iliac joint and a strip of sacrum i S cm wide 

Globular firm masses protruded from the medial and lateral surface of the ilium On 

frontal section the central third of the bone was replaced by a firm, gray mass which 
spread beyond the bone conforming to the outline noted on external examination The 
entire tumor measured 15 x 10 x 8 cm It was circumscribed but not encapsulated The 
superior and inferior thirds of the mass were gray, translucent, lobulated and firm, 
obviously cartilaginous A cj'stic space 3 cm in diameter filled with partly clotted blood 
was seen at the superior pole and the tissue about this area was yellow-gray and soft 
The middle third of the neoplasm was less cartilaginous containing irregular areas of 
opaque, yellow-gray gritty material The ilium adjacent to the lesion was eburnated 
(Fig 13) 

On histologic examination the major part of the tumor was composed of atypical adult 
type hyalin cartilage with well defined lacunae and basophilic homogeneous matrix The 
cells were generally small but varied widely in shape Nuclei were small and compact 
No tumor giant cells or mitotic figures were found Binucleate cells were seen rarely 
Areas of necrosis and calcification were found in many sections Myxomatous foci -were 
encountered infrequently (Fig 14) 

An entirely different picture was seen in sections taken from the periphery of the 
middle third of the neoplasm where numerous spindle-shaped cells of variable size formed 
a network about endothelial-lined blood spaces This tissue invaded bone and adjacent soft 
parts Several small foci of similar appearance were found in sections taken from widely 
scattered areas leading one to believe that this type of reaction may have been multicentric 
in origin 

A third type of tissue, more anaplastic than the others, was found about the blood- 
filled cyst where closely packed spindle-shaped cells formed a poorly fasciculated mass 
There was marked variation in nuclear size and shape Hyperchromatism was pronounced 
Mitotic figures and tumor giant cells were seen Collagen was present in small quantities 
The edges of this tissue lay next to atypical hyalin cartilage but there was no evidence of 
a transitional pattern between the two (Fig 15) 

The soft parts about the tumor were generally atrophic and infiltrated with lympho- 
cytes No real capsule could be found Skeletal muscle was infiltrated by typical tumor- 
cartilage m some regions 

The first recurrence excised from this patient was received in the laboratory as a 
piece of the right ilium measuring 4 x 4 cm to which were attached skin and subcutaneous 
tissue A hard spherical mass 4 cm m diameter lay next to the lateral aspect of the bone 
The cut surface of the tumor was gray marked with areas of hemorrhage and cyst forma- 
tion A circumscribed stony hard nodule i cm in diameter lay m the subcutaneous tissue 
about 1 cm from the larger mass This had a red-gray cut surface 

Tissue from the larger mass contained interlacing bundles of spindle-shaped cells 
which varied markedly in size Collagen was plentiful The smaller mass contained only 
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Fig i6 — (Case lo) First metastasis from chondrosarcoma of ilium (\ 200) 
Fig 17 — (Case 10) Intraspmal metastasis from chondrosarcoma of ihum (\ 200) 
Fig 18 — (Case 1 1) Pulmonary metastasis from chondrosarcoma of pubis (\ 200) 
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Case 11 —No 43193 . I D , female, age 51, was admitted to Strong Memorial Hos- 
pital Nov 2, 1939, because of increasingly severe pain m her right hip and knee for two 
years Masses were palpable m the right low'er abdominal quadrant and between the right 
iliac crest and greatei tiochanter Motion of the light hip joint v\as lestricted The right 
lower limb was ati opine An extensive destiuctivc lesion about the acetabulum w'as 
demonstrated on roentgen examination A eouisc of roentgen tbeiapy to the hip did not 
influence the size of the tumor 

Right mtcrinnomino-abdommal amputation was perfoimed in Januaiy, 1940 Con- 
valescence was complicated by wound infection but the patient was in good general condi- 
tion when she left the hospital two months after operation In Januarj, 1941, roentgeno- 
grams of the chest revealed extensive metastases and death ensued one month later 

Pathologic Examination — The surgical specimen consisted of the right lower extrem- 
ity and the right innominate bone An ovoid, coarsely nodular, elastic mass 18 x 12 x 
10 cm arose fiom the upper ramous of the pubis above the obturator foramen extending 
medially and laterallv On cut section the upper part of the pubic ramus was a poorly 
defined mixture of chalkj bone and cartilage The neoplasm extending from the bone was 
translucent, gray and rathei soft Some areas were gelatinous The acetabulum was 
replaced by flfmor and gelatinous material was found in the hip joint The external 
aspects of tho tumor were covered b} tough fibrous tissue continuous with the periosteum 
but the lesion was not truly encapsulated 

Cellular pleomorphism and poorly foimed matiix characterized this neoplasm Large 
round or oval cells and smaller fusiform or stellate cells were mixed together 1 he nuclei 
were relatively large CjtopHsni was acidophilic, homogeneous in the smaller cells, 
vacuolated in the larger ones Alan} cells contained two 01 thiee nuclei and true tumor 
giant cells were found Mitotic figures were encounteied infrequently The watery- 
appeanng matrix contained fine acidophilic fibrils Occasionall> one found small islands of 
basophilic hj aline ground substance Lacunae weie absent The tumor was enclosed m a 
moderatelj vascular capsule from which septa ran a short distance into the neoplasm but 
lobulation was not a conspicuous feature in this lesion 

At postmortem examination a large tumor mass weighing approximately 4,000 Gm 
filled the right lower quadrant of the abdomen It measured 22 x 20 x 18 cm after 
a large amount of thick, brown glutinous fluid had escaped from its central cystic portion 
The cut surfaces of the mass were firm gray and glistening except for the cystic areas 
The mass was firmly adherent to the surrounding structures, infiltrated the gluteal muscles, 
and surrounded and invaded the resected portion of the sacrum 

The right iliac v ein was occluded by tumor thrombus which extended to the lower end 
of the inferior vena cava Similar thrombi occluded the larger pulmonary arteries 
Grossly visible metastases were seen m the lungs, bronchial lymph nodes, kidneys and 
spleen 

On microscopic examination the neoplasm found at autopsy was extremely cellular 
and almost devoid of matrix The cells W'ere round with large granular nuclei, inconspic- 
uous nucleoli and either finely granular or vacuolated cytoplasm Hyperchromatism was 
moderate Mitotic figures and tumor giant cells were conspicuous The tumor infiltrated 
muscle and adipose tissue The metastases were usually circumscribed but some infiltrated 
adjacent structures All of them had the same cytologic characteristics as the pelvic mass 
(Fig 18) 

Case 12 — No 161737, M M, white, male, age 54, was admitted to the Strong 
Memorial Hospital, Feb i, 1940, complaining of pain in the right hip for the past eight 
'ears A tumor had been curetted away from the region of the greater trochanter in 1936 
at another hospital This was followed by roentgen therapy The lesion recurred slovvK , 
pain became increasingly severe and the hip joint stiff A huge mass involving the upper 
left thigh and pelvis was palpable The left hip was held in 45° fixed flexion and the 
lower hmb was atrophic There was a draining sinus in the old operative scar Roent- 
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genograms revealed a mass surrounding the femur m the trochanteric region with partial 
destruction of the femur, pubis and ischium 

Modified intermnomino-abdominal amputation was performed Feb 7, 1940, from which 
the patient made a splendid recovery being discharged from the hospital 60 days after 
entry Recurrent tumors were excised from the operative site in August and October, 
1940 In December he returned to the hospital because of a lump in the left tenth nb 
which was excised en bloc Widespread metastases eventually appeared and the patient 
died Oct 3, 1941 Permission for postmortem examination could not be obtained 



Fig 19 (Case 12) Chondrosarcoma of hip Case 12 The stippled area 
a contained histologically typical osteogenic sarcoma The rest of the mass 
was frankly chondroid including the intramedullary extension in the femur 


Pathologic Examination Tissue removed at operation in 1936 contained fragments 
of atypical hyalin cartilage Cells were generally ovoid or spindle shaped and the matrix 
was poorly formed The nuclei were small and compact Binucleate forms were seen rarely 
The specimen received after interinnomino-abdominal amputation consisted of the 
left half of the pelvis and attached lower extremity The medial half of the pelvis was 
covered by a gray bosselated tumor mass 20 cm in diameter which extended over the hip 
jomt to the junction of the upper and middle thirds of the femur The middle third of the 
femoral shaft was almost twice the diameter of the lower third The consistency varied 
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It was generally firm and elastic but tlie posterior inferior portion was boggy and that part 
overlying the ventral surface of the femur in the region of the greater trochanter was 
stony hard On section through the pelvis and femur the bulk of the mass was gray, trans- 
lucent and glistening, obviously cartilaginous There was a blood-filled excavation 6 cm 
in diameter m the posterior inferior aspect of the tumor, and the hard area noted above 
appeared white and fibrous Part of the ischium and pubis was destroyed and replaced by 
a mixture of calcareous material and chondroid tissue Cortical bone in the upper third 
of the femur was i cm thick The medullary cavity was filled with cartilage The rela- 
tionships of the various parts of the lesion are shown in Figure 19 

The great bulk of this tumor was composed of atypical cellular hyalin cartilage in 
which cellular pleomorphism was conspicuous Relatively large vesicular nuclei were the 
rule Many binucleate forms were present but neither tumor giant cells nor mitotic figures 
were found There were large areas of necrosis and irregular deposits of amorphous 
calcific material Some nodules were made up of typical myxomatous tissue in which the 
cells had small round nuclei The mass was partb' surrounded by dense, avascular col- 
lagenous tissue from which short septa extended into the tumor, but, in general, lobulation 
was poorly defined 

Sections taken from the hard white area near the greater trochanter of the femui 
appeared entirely different The cells were generally spindle-shaped with hyperchromatic 
nuclei Mitotic figures were readily found Little collagen was seen but many spicules of 
poorly formed bone were imbedded in the sarcomatous matrix Much of the tissue was 
necrotic Frankly cartilaginous tissue laj next to areas of typical osteogenic sarcoma 
Soft tissues about the lesion were compressed but not invaded by tumor 

Local Rccudcucc — This resembled the more cellular areas of cartilage seen in the 
parent tumor klatrix was scanty , cells, pleomorphic , and nuclei large, though few mitotic 
figures and no tumor giant cells were seen 

Lesion jtom R^b — This appeared almost identical witli the sections taken fioin the 
trochanteric region — frank osteogenic sarcoma 

Case 13 — H F, No 224081, a 33-year-old married woman, was admitted to the 
Strong Memorial Hospital on October 2, 1944 She had been a hospital patient in another 
city since February 3, 1944 Her trouble began six years previously, following the birth of 
a son At that time a mass was noted in her pelvis causing her to limp on the left leg It 
was decided to try radiation treatment and two courses of deep therapj were given 
without benefit She began to get flexion and stiffness of the left hip In the spring of 
1941 she developed malaise, severe nausea, vomiting, and constipation A colostomy was 
performed in June of 1941 She was in the hospital for two months At home she 
remained in bed another two months and then got about on crutches to a slight extent 
After this, she was confined for a period of six months to a sanitarium for general care 
She was returned to the general hospital because of urinary retention in February, 1944 
A biopsy of the tumor was taken and a diagnosis of chondrosarcoma was made A second 
course of radiotherapy was given without noticeable result She remained on catheter 
rainage In April, I944> an 8-inch incision was made in the left inguinal region and a 
part of the cartilaginous growth was removed The surgeon decided that the tumor could 
uot be removed and further attempt was given up The wound became infected and was 
c t open for drainage From the time of onset in 1939 there had been progressive loss of 
sensation and motor control m the left lower limb until she had complete paralysis and 
sensory loss below the hip joint level 

10 history there had been little of significance until her present illness Since 

^ colostomy which was well regulated until June, 1944 Since that time 
had ^ poor control with large normal-appearing stools per rectum at times She had 
me frequency, dysuria, and passage of rather thick purulent material Her 

stopped following the x-ray treatments She had had occasional sharp 
snooting pains into the left leg 
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Her family history was important in that her mother had died of cancer of the breast 
with metastases in 1937 Her father died in 1916 of a bone disease of the spine, possibly 
tuberculosis There was a history of cancer in an aunt and an uncle, the aunt being her 
mother’s sister who died in 1937 The uncle married into the family 

She had the appearance of a chronically ill patient, poorly developed, emaciated, 
incapacitated She was cooperative and intelligent She had pallor of the skin, clubbing 
of the fingers and toes The left hip was held in an acutely fleved position at a 45° angle 
It was not possible to extend the thigh, but a slight amount of rotation was obtained 
The lower leg was flexed and rotated outward There was loss of muscle power, atrophy, 
and loss of superficial pam and touch m this limb though deep pressure and Mbratory 
sense were retained Hip flexion and knee flexion contractures were of considerable 
extent There were ulcerations on the left heel The deep reflexes were not obtainable 
A bony hard tumor mass was palpable, extending from the symphjsis across the whole 
left abdomen abo\ e the left ilium and around to the sacrum in back It invaded the gluteal 
muscles extensivelj The abdomen was asymmetrical as the whole left lower portion 
bulged with a prominent tumor There was a colostomy opening at about the level of the 
umbilicus on the right In the left groin there was a 6-inch (15 cm ) gaping wound which 
was discharging purulent material Pelvic examination indicated that tlje rectum and 
vagina was pushed to the right side of the pelvis Her temperature was 97 7°F (36 5‘’C), 
pulse 98 , blood pressure 88 systolic, 48 diastolic She weighed 88 lbs (40 kilos ) The 
white blood count was 6,100 and the hemoglobin was 106 Gm Her total proteins were 
S 44 per cent with 3 56 per cent serum albumin and i 88 per cent serum globulin Blood 
chlorides were 562 mgs per cent, nonprotein nitrogen 27 mgs per cent The urine con- 
tained large numbers of pus cells and grew Staphylococcus auietis hemolyheus on culture 
The x-ray appearance was typical of chondrosarcoma (Fig 20) 

She was placed on mandclaniine in an attempt to clear the urinary infection She 
could not take the sulfa drugs as she had a susceptibility which had been determined on 
her other hospitalizations She was given a high caloric diet and the infected wound was 
compressed Her colostomy was not functioning well and had to be regulated This 
therapy took about three weeks, after which it-was decided to attempt operation 

An incision was made just to the left of the mid-hne from the symphysis to beyond 
the umbilicus Many adhesions were freed The tumor extended across the pelvis into 
the right iliac fossa It ran close to the base of the bladder The uterus was pushed over 
to the right, the left round ligament being greatly stretched This was divided The left 
tube and ovary were normal, the right ovary was not present The right ureter was 
normal The left ureter ran into the tumor mass and could not be traced The rectum 
was full of very hard fecal material, the colostomy being apparently an opening into the 
side of the transverse colon and not an obstructive type On the medial side of the rectum 
there was a mass of gelatinous-like tissue resembling colloid There was no induration of 
any sort, but it was decided to take a biopsy in order to rule out colloid carcinoma The 
left common iliac artery was exposed and doubly ligated with cotton This artery was 
much smaller than the corresponding iliac artery on the 1 ight Closure was made in laj ers 
with cotton The operation was well tolerated It seemed that a resection might be pos- 
sible although It was debatable Many of the staff were positive that the condition was 
inoperable, a view with which I was in complete accord The patient and her husband, 
however, wanted to take any risk as they had nothing more to look forward to Accord- 
ingly on November i, i944, eight dajs later, an mter-innomino-abdominal amputation was 
carried out It was necessary to modify the usual operation in several particulars First, 
an incision was made in the left groin parallel and medial to the infected incision left by 
the operation of April, 1944 A flap of skin and subcutaneous tissue was turned over and 
sutured to the iliac crest completely covering the infected area A new aseptic procedure 
was then instituted A second incision was made through the abdominal wall between 
the mid-hne and the previous inguinal incision Thin adhesions were separated easily The 
symphysis was divided The tumor extended directly under the urethra from which it was 
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Fig 20 — (Case 13) Roentgenographic appearance of huge chondrosarcoma 

of ilium (Case 13) 
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dissected free A pm-point opening was made into the urethra in spite of every precaution 
It was repaired at once The vagina had been pushed over to the right by the tumor It 
was entered at one point, but no attempt was made to close it The left ureter was clamped 
and divided below the tumor where it entered the bladder It was identified above the 
tumor, divided and tied It contained some whitish cloudy fluid (Intravenous pyelogram 
before operation showed no filling of the left kidney pelvis) Then, the patient was turned 
over on her abdomen, the orthopedic trough making this easily accomplished It was 
apparent that the tumor had invaded the gluteal muscles almost everywhere and that these 
structures could not be used for closure A flap of skin and subcutaneous tissues was 
developed from the antero-lateral side of the left thigh and from behind the iliac crest to 
the mid-line spines posteriorly This flap was turned over toward the right side The 
femoral nerv'e and the iho-psoas and levator muscles were divided The rectum was 
dissected free from the tumor and pushed to the right side of the pelvis The sciatic nerve 
and all the other structures holding the limb were cut across, the incision passing through 
the left sacro-ihac joint into the great sacro-sciatic notch and across the lower sacral 
segments A portion of the left lower sacrum and the coccyx had to be sacrificed with the 
sacrum Closure was made by swinging the posterior flap to the incision on the anterior 
abdomen The rectum was sutured back into its normal relations The operation was 
deliberately performed with a minimum of blood loss under nitrous oxide — ether anes- 
thesia It took hours There was mild shock after the second hour but with saline 
and blood intravenously the pressure was on the rise before the operation was completed 
The postoperative course was complicated She had purulent drainage from the vagina 
immediately postoperatively On the Sth postoperative day several firm fecal masses were 
removed from the rectum, the patient having desire to defecate but not being successful 
She had been placed on constant bladder drainage On the 6th postoperative day she com- 
plained of pain similar to that in the left leg before operation She thought the limb was 
undergoing twitchings or gentle flexion and extension of the thigh These sensations were 
not very troublesome usually However, upon some manipulation such as a dressing or an 
enema the phantom limb sensations became especially vivid and distressing She might 
have a shooting pain to her leg and foot on these occasions All sutures were removed on 
the 1 2th postoperative day The wound was well healed without infection There was a 
slight reddening of the skin flap over the divided edge of the sacrum She was kept com- 
fortable on codeine and bromides An abscess formed in the posterior part of the incision 
and B proteiis was cultured from it It drained profusely Another pocket was found 
over the sacrum These abscesses healed slowly but were healed by the 6th week after 
operation She had difficulty with her urinary tract and vaginal infections for about the 
same length of time She began to get up on crutches in the 5th postoperative week This 
caused her to feel her amputated limb again, in a flexed position as previous to operation 
She said that it made her feel tired to hold the limb in this position She began to gam 
weight and strength Her appearance was greatly improved The colostomy opening con- 
tinued to annoy her So after studying the bowel by barium through the colostomy and 
b> rectum, it was decided to close the colostomy The colostomj’’ was excised and an 
end-to-end anastomosis made on January 18, 1945 Spinal anesthesia was used The 
phantom limb had not been prominent for a couple of weeks But when she was brought 
into the operating room after the spinal anesthesia had been given she complained of 
tingling, "pins and needles” sensations in the limb She said that it was straight out,— 
full length She cried out with sharp pain in the knee joint of this limb She apologized 
and said “It is foolish I know there is no limb there ” This sensation lasted about lo 
minutes while she had anesthesia to well above the costal margin at the time She passed 
gas by rectum on the 4th postoperative day The bowel functioned normally after this 
Convalescence was uneventful She got about the ward on crutches which she managed 
nicely She was discharged on February 2, 1945, much improved with well healed 
incisions She had gamed 25 pounds since operation 

Postoperative x-rays showed absence of the left pelvis but nothing else of note 
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She was readmitted m March, 1946, for local recurrence of the lesion It was excised 
and she was discharged in good condition The tumor was vhe size of a lime near the 
coccygeal region 

In August, 1946, she returned with small bowel obstruction It was released Another 
nodule was present back of the rectum It was friable and broke on attempting to 
remove it The area was carbolized 

The small bowel attached itself to the carbolized area and obstructed again An 
enteroenterostomy between the dilated and collapsed loops of terminal ileum gave relief to 
her obstruction She was discharged in good condition 

She was admitted to the hospital for the 4th time on Jan 7, 1947 A recurrence had 
been noted on examination She had had some distention with pain, referred to her phan- 
tom limb and shooting pains in the stump Recurrent nodules were removed from the 
omentum, vagina, wall of the rectum and perineum One of the recurrent nodules broke 
on attempting to free it Following operation she had an infection which gradually col- 
lected as a large abscess It caused severe shooting pain into the phantom limb Drainage 
of the abscess was accompanied by complete relief of symptoms and the phantom limb no 
longer gave her trouble There were evident recurrences or residual nodules still present 
but she was discharged for an interval to allow her to recover It was thought better to 
defer surgery till her infection had completely burned out 

Pathologic Examination — ^After the soft parts had been dissected away the tumor 
appeared as a gray bossellated mass of firm tissue surrounding almost all of the left 
innominate bone Only 4 cm of the pubic rami and a strip of the posterior ilium 6 cm 
wide were umnvolved by the mass The cut surfaces were gray, translucent, coarsely 
lobulated and marked with small areas of hemorrhage and irregular, stony-hard masses 
of opaque, yellow-gray, gritty material Most of the osseous tissue within the mass was 
completely destroyed The neoplasm infiltrated contiguous muscle and connective tissues 
It extended into the ilio-femoral ligament but did not involve the hip joint 

The tumor was composed of adult type hyalin cartilage with well defined lacunae and 
hyalin matrix It was moderately cellular The cells were ovoid, small at the periphery 
but larger as one progressed centrally The nuclei were generally small but in some areas 
they were relatively large and in these locations one encountered binucleate cells Cyto- 
plasm was acidophilic, homogeneous in the smaller cells, vacuolated in the larger ones 
There were no tumor giant cells nor mitotic figures Some areas of hemorrhage and 
deposits of amorphous calcific material ivere encountered In some regions calcification 
was so pronounced that a peculiar osteoid appearance was noted All of the cells in the 
heavily calcified areas were small and all of these areas lay toward the center of the lesion 
The tumor infiltrated adjacent bone, replaced osseous tissue, and filled the marrow spaces 
It also infiltrated soft tissues and had a well defined capsule in only a few areas 

A small subserosal nodule removed from the uterus at operation proved to be an 
implant of chondroid tumor cells 

The third part of the specimen removed from the wall of the rectum was a moder- 
ately cystic l5'’mphangioma The lecurrences were globular masses of tumor cartilage 
varjung from 4 to 7 cm in diameter They resembled the parent tumor in all particulars 
excepting that they were slightly more cellular All of them contained extensive calcific 
areas and in the last recurrence there was one nodule which had a bony center in which 
well defined marrow spaces filled with fat could be seen 

Case 14 — F S , No 1993, a 55-3’^ear-old man was admitted to the Rochester General 
Hospital on Feb 15, 1929 

He was bowling 15 years ago w'hen he noticed ? sharp pain in the calf of the right 
leg as he stepped forward The calf was quite painful for the next two \veeks but he kept 
at his work There was no trouble following this till three or four years later At that 
time there was a swelling in the calf Roentgenograms were taken and a diagnosis of 
osteo-chondroma was made There has never been any pain or disabilit}’^ But during the 
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last j ear once m a \\hile he had had to use a pillow under the leg or it would go to sleep 
The swelling had grown rapidlj in size during the last three months Trousers made 
three months ago are a little tight now' He w'alks well but tires if he w'alks fast 

He w'as alwajs health}' The family and past histones were non-contributory 
He was o\erw'eight The only important finding was a huge tumor of the right calf 
It approached the size of a head, was bony hard and lived 

Labojatojy studies showed normal blood and urine Roentgenograms re\ealed a tumor 
springing from the posterior edge of the right tibia in its upper third The cortical bone 
W'as thickened and irregular , there w'ere many scattered calcifications m the tumor w'hich 
occupied the popliteal space and upper calf 



Fig 21 — (Case 14) Chondroma of tibia (Case 14) 
(x6o) 


A^t operation the tumor w'as remo\ed local!} from the tibia 

Reco\ery w'as une\entful On Sept 13, 1946, he had had no recurrence and was 
enjoMng excellent health This was over 15 years since operation 

Pathologic Examination — The specimen w'as a W'ell encapsulated, ovoid, firm, gray 
mass 15 cm in diameter and 12 cm in maximum thickness It w'eighed 1,300 Gm An 
irregular area of cancellous bone 7 cm in diameter represented the base of the lesion The 
greater part of the tumor’s cut surfaces w'ere made up of lobulated, gray, glistening carti- 
lage Mail} lobules had soft centers from w'liich a viscid material could be expressed 
Irregular, chalky white, gritty areas of calcification extended into the cartilage at the base 
of the lesion where islands of cancellous bone w'ere also seen The tumor was poorly 
delimited from the underlying bone No capsule could be found in this legion 

Histologic examination revealed characteristic adult t} pe hyalin cartilage divided into 
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lobules by poorly cellular, avascular collagenous tissue radiating from the capsule The 
tumor cells lay in lacunae, had acidophilic cytoplasm and small compact nuclei (Fig 21) 
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Pack, G T, and H E Ehilich Exarticulation of the Lower Extremities for Malig- 
nant Tumors Hip Joint Disarticulation (with and without Deep Iliac Dissection) 
and Sacro-Iliac Disarticulation (Hemipelvectomy) Annais of Surgery, 123 
965-985, and 124 1-27, 1946 

Phemister, D B Chondrosarcoma of Bone Surg Gyn and Obst, 50 216-233,1930 
^2 Spencer, R R , and D Calnan Studies m Species Adaptation III Continuous Expo- 
sure of Paramecia to Methylcholanthrene and Other Agents for More Than Five 
Years Jour Nat Cancer Inst, 6 147-154, 1945 


Discussion — Dr Bradley L Colly, New York We recognize tw'o varieties of 
malignant cartilage tumors wdnch have different characteristics, such as age-incidence, 
growth-rate, roentgenograph ic findings and microscopic appearance They also have a 
different prognosis and may require different treatment 

The first of these, occurring in childhood or adolescence, is a highly malignant tumor 
from the start and, despite amputation, a large percfentage of the patients will die of 
metastasis to the lungs This form resembles osteogenic sarcoma on the x-ray film and 
often cannot be differentiated until microscopic sections have been examined It is termed 
primary chondroblastic sarcoma 

Doctor Morton’s cases, how^ever, fall into the second group which develop on a pre- 
existing benign cartilage tumor or chondioma, either of central or cortical origin They 
are termed secondary chondromyxosarcoma, although the myxomatous element varies 
greatly and is probably not important 

In the second group the tumor has a more insidious onset It may be difficult if not 
impossible to determine just w'hen it ceases to be benign and becomes definitely malignant 
We believe that m some instances years may lapse before this transition takes place This 
tumor IS radio-resistant 

It is our conviction that the presence of a benign chondroma is an indication for 
removal while it is still a chondroma , this may be regarded as eff ectu e cancer pre\ cntion 
Conservative surgery at this early stage may be sufficient, whereas after a malignant 
transformation has taken place even an amputation may be ineffectual 

I shall show slides of four patients In two the tumor w'as removed wffiile it was still 
histologically benign chondroma, in the other twm, the microscopic diagnosis was that of 
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chondrosarcoma In all four cases the treatment instituted avoided amputation, in three 
the follow-up period exceeded nine years 

Case I Central chondroma , appearance in 1930 Subsequently three separate attempts 
were made to cure by curettage but each was followed by recurrence (2) Segmental 
resection of middle of humerus (3) Appearance 18 months later This patient has 
remained well for ten years 

Case II Chondromyxosarcoma of scapula, view taken m 1935 Total scapulectomy 
performed ii years ago Patient is now well with a useful arm 

Case III Chondrosarcoma developing in a pre-existing osteochondroma attached to 
the femur by a rather narrow pedicle (2) appearance after local removal of the tumor, 
saucerization and chemical cauterization of the base Patient remains well nine 
years later 

Case IV Central chondroma of humerus in a 33-year-old naval officer Appearance 
after five operations and immediately prior to the sixth (2) Resected specimen 15 cm 
in length (3) Appearance nine days after a tibial transplant to replace the resected area 
of the humerus This is a recent case operated upon only 16 days ago Histologic diag 
nosis — ^benign chondroma 

We are indebted to Doctor Morton for presenting this group of cases of a type in 
which most of us have found in the past that the treatment rendered has been too little 
and too late Later on when operations of greater magnitude have been attempted the 
results have been unsuccessful Chondroma must be regarded as a disease possessing 
serious potentialities 


Dr Kellogg Speed, Chicago My recorded experience covers ten benign chondroma, 
six of which were the so-called enchondroma of the bones of the hand and foot, and seven 
malignant chondrosarcoma, including one of the chest well previously reported before this 
Association Two were of the ilium, for which I performed intenho abdominal amputa- 
tion , the remainder were in the femur 

Two concise statements of Doctor Morton are noteworthy “The microscopic anatomy 
of chondrosarcoma is extremely variable” and “Many sections are essential ” Only by 
such means may the different histologic aspects, from bony tissue to soft myxomatous 
areas, be uncovered Codman in 1925 referred to this distinctly in his small invaluable 
monograph on bone sarcoma His opinion was that no matter what variance of tissue 
exists— bone, cartilage, or myxomatous, the degree of malignancy was likely to be estab- 
lished by the character of the undifferentiated portion of the proliferating cells, and that 
the gross appearance and amount of hard tissue might be misleading This is verified by 
Doctor Morton’s report, where metastases showed little if any chondromatous tissue 

I wish to show slides, one of a massive slow-growing chondrosarcoma of the femur, 
ending fatally a year after amputation of the leg, one where amputation was refused and 
local excision was done with no recurrence up to three years, although chondrosarcoma 
was diagnoses and, finally, the end result with autopsy findings 13 years later of my 
patient, included by Doctor Phemister in his report 


Dk Dallas B Phemister, Chicago Doctor Morton mentioned my previous descrip- 
tion of chondrosarcoma of bone In fact, the term had been in use for more than a gener- 
ation, but the Committee on the Registry of Bone Sarcoma had refused to accept it 
I reported a series of cases and pointed out that they could usually be diagnosed from 
their roentgenologic characteristics, after which chondrosarcoma was listed as an entity 
in the Registry 

My experience with roentgenotherapy has been somewhat different from that of 
Doctor Morton, in that certain cases have responded well to x-ray A large chondrosar- 
coma of the ihum, confirmed by biopsy 15 years ago and treated by prolonged and exten- 
sive irradiation, has progressed only slightly during the past 13 years and as yet there 
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are no detectable metastases A central chondrosarcoma of the upper end of the humerus 
was extensively curetted 12 years ago and then treated by x-radiation There has since 
been no recurrence, an unlikely result had there been no irradiation therapy 

Because of their slow growth and tendenc)’’ to late metastases, selected cases of chon- 
drosarcoma are suitable for treatment by wide resection and bone transplantation Several 
patients have been thus treated and three have remained well for six or more years In 
one case, IS cm of the shaft of the femur was removed and replaced by two grafts taken 
from the tibiae seven years ago and there has been complete restoration of function A 
similar result was obtained after massive excision and transplantation for a small central 
chondrosarcoma of the upper diaphysis of the tibia six and a quarter years ago In the 
third case, the upper third of the tibia was resected eight and two-thirds years ago and 
the knee stiffened by bridging the defect with a graft Resection transplantation is an 
operative procedure that should be more widely practiced than is the case at present 

Dr John J Morton, Rochester, N Y (closing) I wish to thank all the discussors 
I agree with them that if these tumors once recur the patients are candidates for massive 
resection if it can be done In the periphery, massive resection with bone graft is excellent 

With regard to x-ray therapy, it is said in the literature that they do respond to 
x-ray occasionally In a report from the Mayo Clinic, Desjardine reported two cases 
because they did respond to x-ray It is the exception when they do respond, rather than 
the rule 
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The purpose or this coniribution is to call attention to the practicality 
and utility of preseiving human bone in a fiesh state by means of refrigeration 
for latei use m vaiious operations upon the bones and joints The method 
has been used bj^ my colleagues and myself on the Orthopedic Service of the 
Hospital foi Special Surgerj' in New Yoik since April, 1946 and has demon- 
stiated Its value 

PAST EFFORTS AT BONE PRESERVATION 

The idea of piepaimg and preseiving bone for latei surgical use is by no 
means new' and probabl}' can be tiaced back as far as the fiist expeiiments 
with the use of bone transplants by Ollier, who, accoiding to Orr grafted a 
piece of rabbit’s bone into a man in 1859 MacEwen in 1886 had the idea of 
obtaining bone for transplants from amputated limbs Poncet m 1887 reported 
the transplantation of a phalanx from an amputated limb to an ununited frac- 
tme of the tibia The giaft healed in place although it did not cure the 
condition 

In a remaikablv prophetic article by Can ell published in 1912 on the 
Preservation of Human Tissues the author repoited his experiments in an 
attempt to find a “method by which tissues extirpated fiom the amputated 
limb of a living animal or a fresh cadavei could be stored during the period 
which elapses between their extirpation and their transplantation on the 
patient ” His experiments w'ere made w'lth skin, cartilage, glandular tissue 
and bone and the tissues weie presented in cold stoiage immersed in Ringers 
solution or plasma He concluded that the method was feasible and w'ould 
prove beneficial 

Gallic in 1918 reported the lesults of his experiments with the use of boiled 
bone transplants both homologous and heterogeneous and show'ed that these 
w'ere in time absorbed and replaced by living bone He used them in many' 
surgical operations including spinal fusions and thought they sei-ved piac- 
tically as well as fresh autogenous bone when complete contact of the giaft with 
bleeding bone of the host could be obtained He prepared plates, sciews and 
pegs from beef bone and used them for fixation in the open reduction of frac- 
tures W'lth good results 

Lexer m 1925 reported an end result study of a series of cases m which he 
had transplanted whole joints and hemi joints obtained from amputated limbs 
and fresh cadavers The follow-up study show'ed that the grafts had survived 
and although the joints showed remarkable degrees of degenerative changes 

* Read before the American Surgical Association, March 25, 26 and 27, Hot 
Springs, Virginia 
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Fig I — S T Boy, age ir years Recurrent Hemangioma right hu- 
merus (A) 8-18-46 shows appearance prior to operation Operation 9-25-46 
Curettage and packing with bone chips after five days refrigeration (B) 
11-26-46 — the appearance two months postoperative 


Table I 

OPERATIONS IN WHICH REFRIGERATED BONE WAS USED 

Cases 


spine fusions 

For scoliosis < 

For T B spondylitis 2 

For congenital paraplegia 1 

For spina bifida and spondylolisthesis 1 

For osteochondroma of spine 1 

For lumbo-sacral instability 1 

Wnst fusions 2 


Curettage and packing of bone cavities 
For osteitis fibrosa cystica 

of humerus 1 

of femur f 

For fibrous dysplasia of femur 1 

For enchondroma 

of femur t 

of phalanx 1 

For hemangioma of upper ulna 1 

Excision of osteoid osteoma of tibia 

and filling defect with bone chips 2 

Dfibndement of chronic osteomyelitic cavities packing with bone chips 
and pnmaiy closure 

of femur t 

of tibia f 

2S 


Number of 
Operations 

12 

2 

1 

1 
1 
1 

2 


1 

1 

1 

1 

1 

1 

2 


1 

1 

30 
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and osteo-arthntic reaction, some of the patients had obtained excellent 
function 

Orrell in 1938 reported experiments with the use of chemically treated bone 
which he called os purum and presented cases showing the results obtained 
from Its use for internal fixation in the fusion of joints and in osteotomies His 
studies showed that boiled and dried pieces of bone were transformed more 
slowly into living bone than autogenous bone and sometimes were not resorbed 



^ P ^ Man, age 32 years Diagnosis Old Dislocation of lunate bone 
4 ~ 3 ~ 4 o Preoperative appearance Operation 7 “ 5“46 Excision of lunate bone and fusion 
01 proximal corpus to radius with bone chips which had been refrigerated 15 days 
9-25-46 Results II weeks postoperative Fusion is solid 

at all, probably because the coagulated and dried up connective tissue and 
collagen were absorbed with difficulty by the host tissues and thus prevented 
the revascularization of the bone '\^^hen these foreign elements were pre- 
viously removed by chemical treatment the replacement was more rapid 

Inclan in 1942 reported the use of preserved bone grafts in 52 cases Ot 
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these 43 were autogenous grafts previously removed from the patient’s own 
body with the purpose of diminishing shock and risk of infection at the time 
of the reconstructive surgei}^ eight were homologous, generally from a mem- 
ber of the patient’s family and one was from a nine-month fetus The bone 
w^as preserv^ed in sterile bottles and covered with citrated blood oi Ringers 
solution and kept at a temperatuie betw^een 2 and 5 degrees centigrade The 
period of pieseivation varied betw'een one and 63 days Complete success w^as 
obtained as fai as the healing and physiologic action of the graft w'as concerned 
The lesults weie entnel}" compaiable to those obtained fiom the use of fresh 
autogenous grafts 

A i! 



Fig 4 — F B Girl, age 17 years Diagnosis Bone cjst of Femur Operation 12-2- 
46 Curettage and cauterization of cavity, packing with bone chips which had been 
refrigerated 17 days 

(A) 11-14-46 Preoperatne appearance 

(B) X-ray 2-14-47— Postoperative x-ray after ii weeks The cavity appears com- 
pletely obliterated by bone 


JIETHOD OF BONE PRESERVATION BY REFRIGERATION 
From this very brief and incomplete summary of past attempts to find 
substitutes for fresh autogenous grafts in surgical operations it is evident that 
enough success has been obtained to justify furthei efforts On any active 
hospital orthopedic service there is constantly need of bone to be used as 
transplants in many different kinds of operations including arthrodesis of the 
various joints, surgical treatment of uniinited fractures and filling of bone 
cavities in various types of benign bone tumors and cysts 01 in various con- 
ditions where excision of bone is required Until now^ it has been necessary to 
obtain bone for such purposes by supplementary operations generally upon the 
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Fig 6 — R C Man, age 55 years Diagnosis Chronic Osteomjelitis of lower tibia 
following compound fracture Operation 9-9-46 Debridement of sinus and caMty, packing 
with bone chips that had been refrigerated 89 days Primary closure w'lth sliding skin 
flaps (A) 9-7-46 Preoperative x-ray (B) 11-22-46 wound healed by primary intention, 
the x-ray film shows the appearance 12 weeks postoperative 

A B 



Fig 7 — F H Woman, age 34 Chronic osteomyelitis lower end of femur with cavity 
and smus six years duration Operation 12—20-46 Excision of sinus, saucenzation and 
packing of bone cavity with bone chips that had been refrigerated four days Healing 
occurred by primary intention (A) 6-22-46 Preoperative x-ray (B) 2-^47 x-ray 
appearance seven weeks postoperative Patient has remained entirely well 
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or citrated blood as it was frozen while still moist and thus preserved its own 
fluids Cultures from the bone were taken at the time of bottling and the only 
other precautions were a Kline test on the blood of the donor to rule out 
syphilis and a careful check of the patient’s history to rule out malaria hepatitis 



Fig 10 — P Alan, age 28 years, with multiple war wounds of face 
Operation 8-23-46 Second stage of nasal reconstruction with implantation 
of autogenous graft from ilium Graft became infected and was removed 
two months later Illustration shows low power view of graft Evidence of 
inflammation which caused graft to be removed is shown at right end 
Remainder has been revasculanzed and is healing 



Fig II — Same case as Fig 10 High power of section through graft 
showing new bone forming on dead bone The appearance is similar in all 
respects to that seen after grafting refrigerated bone 


or other recent acute infection Accurate records were kept of tlie source of 
the material, the length of refrigeration and the later results after transplanta- 
tion We have constantly had in mind the need of adding to our supply of 
preserved bone and have sought to add to our stock by taking bone from all 
available sources and particularly from the iliac crest in operations upon the 
hip when this would not be harmful to the patients 
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RESULTS OBTAINED 

This pieserved bone obtained from 40 different donors has been used for 
transplantation in 30 surgical operations upon 25 diffeient individuals during 
the past year The longest peiiod between the time of removal of the bone 
and its implantation was 89 days and the shoitest one day The average 
period of pieseivation of all the bone used was 42 days No infections or 
foreign body leactions occuiied and m eveiy case the wound healed by 
pi unary intention and lemained healed In no case has there been any 
sloughing of the pieserved bone Because all of the specimens of preserved 



Fig 12— E N Woman, age 16 years, who had idiopathic scoliosis 
Following correction a two-stage spinal fusion was done At the first stage 
refrigerated bone chips were used and some of these were recovered at the 
second stage operation Illustration shows section of refrigerated homologous 
bone chips three weeks after implantation Osteoid tissue and new bone are 
seen forming on the dead bone 


bone weie small it was not possible to use them in any form but that of small 
chips and these chips weie used to pack bone cavities or to reinforce various 
types of fusion operations, especially of the spine Prefeiably the bone should 
be withdrawn from the bank seveial houis m advance of the time it is to be 
used m order to allow it to thaw out but m seveial cases the need for its use 
had not been foieseen and it was necessary to use it in the frozen state No 
difficulty was encountered in these cases however and it is probable that the 
process of preparing the fiagments for use by chopping them up in small bits 
gave enough time for them to thaw out 
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The various conditions and operations in which the bone was used are 
shown in the adjoining table Of particular interest were the two cases of 
chronic osteomyelitis with sinuses, one at the lower end of the femur and the 
other at the lower end of the tibia In both there were large cavities m the bone 
which it was not possible to treat by the ordinary method of extensive saucer- 
ization and skin grafting or plastic closure of skin flaps The amount of drain- 
age was small and of serous charactei Careful debridement was done of the 
sinus and of the walls of the bone cavity exposing healthy bleeding bone The 
cavity was washed out with saline, packed solidly with bone chips and then 
skin flaps were mobilized and closed The limbs were immobilized m plaster 
for four weeks Healing occurred by primary intention and the wmunds have 



Fig 13 — B S Woman, age 25, with Paralytic Scoliosis Spinal fusion 
was performed in three stages At the first operation refrigerated bone chips 
were implanted which were recovered at the 2nd operation 28 days later 
The illustration shows a microphotograph of a section through this bone 
Active new bone formation on the old dead bone may be seen The process 
seems entirely similar to that seen with the use of an autogenous graft 


lemamed healed for follow'-up periods of three and six months respectively 
In one of these cases the bone used had been preserved for 90 days and in the 
other four days The uneventful healing in these two cases seemed to prove 
the absence of any foreign body reaction of the host tissues to the pre- 
served bone 

From a clinical standpoint the results of the use of preserved homologous 
bone have been entirely satisfactory In all cases its behavior seemed to be 
identical to that of fresh autogenous bone Bone cavities and defects became 
obliterated and the fusions became solid 

There was one failure in a case of spinal fusion for scoliosis where banked 
bone -was used Pseudarthrosis was discovered four months after operation 
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This patient was reoperated and complete healing of the banked bone was 
found to have taken place eA'’er3'-whei e except at one level where there was a line 
of pseudarthrosis This area was excised and refused Examination of the 
excised specimen sho\\ed the pseudarthi osis lined by cartilaginous surfaces 
mth the adjacent bone showing all the appearance of normal healing 

THE HEALING OF EEFRIGERATED BONE 

Our experience with the use of lefiigerated bone and that of Inclan, and of 
Busch and Garber who have conducted similar expeiimeiits show that from a 
clinical standpoint it behai^es m ever)’’ way siniilarl)^ to fresh autogenous bone 
This raises the question of how such bone acts and whether from a histologic 
examination of the tissues the healing is also similar 

We have recovered specimens both of fresh autogenous bone and refrig- 
erated bone vhich weie implanted in human spines for the purpose of pro- 
moting fusion at a vaiying numbei of weeks postoperatively These were 
studied and compared with each other by Di Milton Helpern, Pathologist at 
the Hospital for Special Suigery, as well as by myself We found no evidence 
that the cells in the bone tiansplants stiivived m eithei case The lacunar and 
interosseous spaces of the bone transplants whether fresh or refrigerated were 
uniformly empty of living cells m the eaily stages of healing but there soon 
occurred an invasion of fibroblasts and blood vessels followed by active absorp- 
tion of the dead tiabeculae with large numbei s of osteoclasts present This 
process appealed to develop from the periphery of the transplant and then to 
penetrate into the interior Three to four weeks after transplantation active 
new bone formation could be seen adjacent to the old trabeculae with both 
osteoid and osseous tissue present and many osteoblasts arranged about the 
latter In other words the healing process seemed comparable m both the 
fresh autogenous grafts and the refrigerated bone grafts and whether the 
material was homologous or autogenous seemed to make no difference 

We examined sections of refrigerated bone after varying peiiods of preser- 
vation The cellular tissue appeared intact and had the same staining reaction 
as that of fresh bone This did not mean howevei that these cells were still 
alive any more than a normal cellular appeal ance or staining reaction of a 
piece of refrigerated steak would mean that that tissue was alive It only 
indicates that the tissue is preserved m a fresh state by refrigeration In short 
our views conform to those of the many other students of the function of bone 
transplants who have concluded that the grafts die and are then transformed 
into living bone by the processes of resorption and osteogenesis of the hosts 
tissue In fresh grafts some cellular elements may survive but these are few 
and not of much importance 

We believe that the advantages of refrigerated bone he m the fact that it 
IS preserved m a fresh state and therefore that the processes of invasion, 
resorption and transformation take place more easily than with boiled or dried 
bone where the organic elements are dried or coagulated as pointed out by 
Orrell Whether or not sterile refiigeiated hetei ogeneous bone vould serve 
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as well as homologous bone lemams to be determined Obviously there is a 
large field for further experimentation to answer this and other questions 

ORGANIZATION OF A BONE BANK 

It is only one year since the establishment of a Bone Bank at the Hospital 
for Special Surgery but in that short time it has proved of great advantage 
The method of preservation by i efrigeration is simple and beyond the initial 
cost of a deep freeze unit of sufficient capacity, requires no large expenditure 
We have experienced no great difficulty in maintaining a stock of bone suffi- 
cient for routine needs By using this bone we have been able to save a num- 
ber of patients from supplemental y operations and disabilities But thus far 
the bank has been organized on a small scale and has seived onl)’^ for the pur- 
poses of experimentation and demonstration We have not yet attacked the real 
problem of obtaining and preserving large specimens of homologous bone in 
order that the needs of surgeons for massive grafts of every desci iption such 
as may be required for the treatment of ununited fractures or defects created 
by the excision of tumors and other lesions may be met 

For this organization on a large scale is necessary While amputated limbs 
may supply some of the need, this source is unceitam and generally unsatis- 
factory because of the pathologic condition wdiich necessitates the amputation 
Because of lack of knowledge of the survival period of tumor cells under 
refrigeration, we have not yet felt safe in using bone from limbs wdnch had 
been amputated foi malignant tumors The real solution lies in obtaining bone 
from fresh cadavers wdiere death has occurred from other cause than infection 
The material should be removed by an opeiatmg team under sterile precautions 
within six hours, piobably longei if the body is placed m cold storage, imme- 
diately after death 

But the obtaining of fresh bone from this souice is hedged about by legal 
difficulties since the dead body is the property of the next of kin and the time 
required to obtain that person’s consent may exceed the time limit within 
which the desired material should be removed Even testamentary disposition 
of his body by a person before death, I am informed, is of no legal value with- 
out the signed approval of the next of km 

The experience of the Manhattan Eye Bank show's, how'ever, that many of 
these difficulties can be solved By means of public education and the coopera- 
tion of many persons including physicians scattered throughout the country 
and the airlines, they have brought forth many donois and insured a supply 
of eyes which have met most of the current surgical needs for corneal trans- 
plants both in New York and other neighboring cities and have also supplied 
material for important research 

While the organization of a bone bank on a small scale such as the one I 
have described is possible and desirable in every hospital with an active bone 
and joint service, it seems to me that we should aim for the larger goal of 
supplying the needs of all surgeons requiring bone for every type of transplan- 
tation and that w'e should take a leaf from the book of experience of the 
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Manhattan E}e Bank and plan to oiganize a Bone Bank on a community level 
In this \va} the coopeiation of all persons both medical and lay would be 
obtained as the seivice A\ould be available to all It probably could subsist on 
a system of \olunlary contiibutions fiom the recipients m the same manner as 
the Manhattan Eye Bank 


CONCLUSIONS 

1 The preseivation of fiesh homologous bone material by refrigeration for 
later use m operations upon the bones and joints is safe and practical 

2 As nearl}’’ as can be detei mined both by clinical and histologic study the 
behavior of such bone aftei transplantation is similar to that of fresh auto- 
genous bone 

3 In both cases the bone is lesoibed and transformed into living bone 
entirely as the result of the action of the host tissues 

4 Our experience at the Hospital for Special Surgery with a bone bank 
organized on a small scale aftei one year of operation demonstrates the need 
for oigamzation on a much larger scale, of a community Bone Bank to supply 
the needs of surgeons for bone tiansplants of eveiy size and description 


Discussion — Dr W E Gallie, Toronto I have listened to Dr Wilson’s sugges- 
tion with the greatest interest, for I feel that in it there may be a contribution of much 
practical value 

He referred to some experimental studies which I reported nearly thirty years ago, 
in which It was shown that bone, either autogenous or heterogenous, when boiled and 
placed in intimate contact with living bone, wull adhere to it, acquire a circulation through 
the old haversian canals, and ultimately undergo absorption and replacement as a result 
of invasion by living osteoblasts from the surrounding living bone A superficial examina- 
tion of such specimens might make one think there is little or no difference in the fate 
of boiled as compared with that of unboiled autogenous grafts A more careful study 
will show, however, that in the case of the boiled grafts there are no living elements 
W'hatever, w'hereas in the case of autogenous giafts, although all cells in lacunae die, 
nevertheless those osteoblasts which lie on exposed surfaces rapidly multiply and take an 
active part in the creeping replacement of the graft This is best seen in experiments 
where grafts are transplanted from the radius or ribs into the muscles of the back 
If the grafts are not boiled they quickly become vascularized and undergo absorption 
and replacement with new bone, due to invasion by living osteoblasts from their owm 
surfaces If, on the contrarjq the grafts are boiled before being imbedded in muscle, 
no such absorption and replacement occurs 

The outstanding difference between the autogenous unboiled graft and the boiled 
graft, when placed in contact wuth living bone, is that in the latter the process of union, 
revascularization and absorption and replacement are much retarded It is because of 
this that when bone grafts are indicated, autogenous unboiled bone is much to be 
preferred 

Now, w’hether bone transplanted from one patient to another would retain any 
living elements I do not know Our experiments on animals show'ed that in transplanta- 
tion from one animal to the muscles of another animal of the same species, osteoblasts on 
the surface of the bone sometimes did live, but not always If the animals w^ere of a 
different species, no living elements survived So it may be possible that bone obtained 
from one patient and transplanted into another may have the properties of autogenous 
grafts 
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Now, whether refrigeration will destroy all the surface osteoblasts is not certain 
Dr Wilson thinks that no living cells survive the refrigeration It would be interesting, 
however, to settle this question by the simple experiment of securing autogenous grafts, 
then refrigerating them for varying periods of time, and then transplanting them into the 
muscles of the same animal This should settle whether refrigeration kills the surface 
cells or not 

No matter what the answer is, however, it is quite possible that bone prepared and 
preserved as Dr Wilson has described, may prove to be very useful This would be 
particularly the case in filling large cavities Where the purpose of the graft operation, 
however, is the overcoming of nonunion or the bridging of gaps, I think the use of 
lefrigerated bone should be supplemented by the ordinary method of using fresh autog- 
enous bone This limitation would, of course, be removed, if it is shown that surface 
cells survive refrigeration 

Dr Wilson’s suggestion is highly interesting, and is sure to stimulate renewed interest 
in the important subject of the transplantation of bone 

Dr Philip D Wilson, New York (closing) I wish to thank the various members 
for their questions which I shall endeavor to answer We dio not pay any attention to 
blood groups m the use of material from our bone bank Dr Inclan laid considerable 
emphasis on this in his work and thought that the donors of grafts should be in the same 
blood group as the donee The only thing I can say is that we experienced no reactions 
thus far It is possible that if we used more massive grafts which would contain a good 
deal of protein material, there might be some reaction 

To the question as to whether we have experienced infectious hepatitis in any of our 
cases, the answer is no In this connection, I might point out that the donor material is 
preserved separately and that there is no pooling of the donor material as in the case of 
pooled plasma In other words, there should be no more chance of transmitting infection 
of this kind by the use of bank bone than by individual transfusion 

I am very grateful to Doctor Berry for his suggestion that resected portions of ribs 
which are frequently obtained by operations on the chest might make a convenient source 
of material for the bone bank 

I wish to thank Doctor Gallic for his discussion, as he has done much W'ork on the 
use of homologous and heterogenous bone grafts In looking over the work of other 
students on bone regeneration, I find considerable difference of opinion Some believe that 
certain of the host elements in a graft survive and proliferate while others do not There 
IS obviously much room for further experimentation before we have all the answ'ers, but I 
think that Inclan’s work has proved that refrigerated bone in the form of massive grafts 
will work, and our own experience with the use of smaller fragments of bone certainly has 
been helpful in many cases and encourages us to go on and expand the method of preserv- 
ing bone in a bank for general use 
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PENETRATING WOUNDS OF MAJOR JOINTS^ 

James E. Thompson,** M.D , and Feank B. Beebt, M.D.*** 

Neu Yonic, N Y 

Ever since the advent and acceptance of the pimciples of asepsis, as 
established by Lord Lister, and the fundamental concepts of the healing of 
wounds put forth b} Halsted, the inteiest of suigeons m trauma and repair 
has varied directly with the occui i ence of war In pei lods of peace a modicum 
of experimental and clinical voik on this most basic problem in surgery con- 
tinues, but vith compai ativel}^ little attention by most suigeons Rather their 
interest seems to be centered on the great panacea — elusive as the alchemists’ 
dream of the con\ersion of base metals into gold — that will heal wounds m 
spite of neglect of the undeil3’'ing piinciples of wound lepair Once Pandora’s 
box is opened, however, and the woes of w^ar suddenly unleashed, the problems 
posed by wounds become of pai amount importance Symposia ai e held and old 
truths hailed as great discoveries, and the cuiiently fashionable wmund anti- 
septics are exploited to their full Yet wdiat has been their fate, phenol, corro- 
sive sublimate, iodine, Dakin’s solution, B I. P , the new^er mercurials, the 
sulfonamides, and the antibiotics ^ 

"The almost inherent urge to place some agent, wuth hopeful healing and 
anti-mfective properties, in a wound seems to be deep-seated in the human 
breast and is as difficult to control as the better recognized human impulses 
Time and experience have repeatedly demonstrated the mefficacy of such 
agents Perhaps some day such an agent wall be found but the search seems 
futile wffien it is realized that the key to wmund infection in traumatic wmunds 
IS dead tissue, a fact which Botallo recognized almost four centuries ago, and 
which Lister fully appreciated ’’^ 

Many of the anti-infective agents are of immeasurable aid in controlling 
infection and extending the scope of surgery, but they are alw^ays ancillary to 
thorough and careful surgery It took the British three years to recognize this 
in World War I and in their Official History of the War the development of 
the methods used in treating wounds of joints is divided into four phases 

1 In the early stages of the w^ar attention w^as focused on incision and 
drainage with large tubes With the exception of a few simple perforating 
wounds, suppuration was the rule with a resulting high mortality, and an ampu- 
tation rate of 6o per cent for knee-joint cases with only soft part injury, and 
oo per cent for those complicated by fracture 

2 Early m 1915 the treatment outlined by Colonel H. M W Gray w^as 
adopted This consisted of (i) adequate immobilization of the joint, (2) 
excision of infected soft parts, (3) lavage of the joint cavity after removal of 

* Read before the 66th Meeting of the American Surgical Association, Hot Springs, 
Va, March 27, 1947 

** Associate Attending Surgeon— Roosevelt Hospital, New York Citj 

**'* Director of Surgery, ist Surgical Division— Bellevue Hospital, N Y 

947 



THOMPSON AND BERRY 


Annals of Surgery 
December 1947 


the projectile, and (4) closure of the capsule of the joint If suppuration was 
present arthrotomy was performed and drainage established only down to the 
joint cavity 

3 In the summer of 1916 the Carrel-Dakm method of treating wounds was 
adopted by the British Army and for the first time the importance of early 
excision of infected tissues as an essential feature in wound treatment was 
realized 

4 In the Spring of 1917 early and free excision of the injured area was 
the standard method of treatment with primary or delayed closure of the 
wound This resulted m 70 per cent healing by first intention in all wounds 
In joint cases only 12 per cent suppurated, while the amputation rate fell 
from 25 per cent to 7 per cent and the death rate from 15 per cent to 8 per cent " 

In World War II, notwithstanding the knowledge already available, much 
had to be rediscovered The absolute necessity of wide exploratory arthrotomy 
and careful debridement of all wounds involving joints, was not fully appre- 
ciated at first This was probably due to our unfamiliarity with the British 
experience in World War I, and with our own findings at that time, as stated 
in an admirable article by Pool in the Medical Depaitment of the United States 
Ai my in the W oi Id Wai / which was not published until 1927 We knew little, 
and that largely condemnatory, about primary resection of joints and the timing 
of secondary resection for suppuration Yet these procedures had all been 
considered in detail by Pool ® 

Early in 1943 the Ninth Evacuation Hospital came to the conclusion that 
all cases of penetrating wounds of joints should be widely opened, carefully 
debnded and the foreign bodies, debris and blood should be removed Also the 
joint should be irrigated with saline, and the capsule closed The closure of 
the capsule was thought to be so important, that if a gap existed a sliding flap 
of skin or fascia was employed 

Complete immobilization of the joint was of paramount importance and in 
the case of a knee joint this was accomplished by means of a hip spica The 
delayed primary suture of the soft parts was performed four to seven days 
later When penicillin became available this was placed in the joint m the 
dosage of 10,000 units at the conclusion of operation It was repeated at 24-48 
hour intervals thereafter for two or three doses, and the patient was also placed 
on systemic penicillin ^ 

At about the same time, this hospital unit, which was functioning near 
Naples, admitted a group of French soldiers with well-established suppurative 
arthritis of the knee A lower thigh amputation was necessary as a life saving 
measure in one instance and it appeared that this would be required in five 
other cases At the suggestion of Colonel Etienne Curtillet, the French surgical 
consultant, five resections of the joint were performed This seemingly radical 
procedure had been advocated 75 years ago by Ollier “ The sepsis subsided and 
healing was prompt in all five cases, only one case failed to develop solid 
fusion ® These conceptions of treatment were immediately extended to all the 
hospitals in the Naples area by the teaching and work of Lieutenant Colonel 
Oscar Hampton and Major Champ Lyons with the cooperation of the various 
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orthopedists," and further, the principle of re-debndement m the presence of 
sepsis was established by them 

As a result of this early experience a detailed description of the treatment 
of penetrating wounds of joints was included m Circular Letter Number 2 of 
the Surgeon of the Seventh Army just prior to the Southern France Cam- 
paign ^ The response was more than gratifying and reports came from both 
the forward and base installations that these wounds healed cleanly when so 
treated and the only ones that became septic were those that had been neglected 
or in which debridement was inadequate, usually by new and inexperienced 
surgeons Two of the Evacuation hospitals reported their results of arthrotomy 
and debridement of penetrating wounds of the knee joint m detail Of the 227 
cases treated by them, two were suppurating at the time of the initial debride- 
ment — one 10 and the other 14 days old None of the others showed an}^ 
signs of infection when evacuated to the rear three to seven days after debride- 
ment There were no amputations in this group ® 

In the ancient and modern history of military surgery, there has accumu- 
lated enough experience m the treatment of knee-joint wounds to give us con- 
fidence that our problem, to a limited extent, is solved We now realize that 
if these wounds are given the proper primary treatment, suppuration will 
rarely develop 

The same happy outlook cannot be said to apply to wounds of the hip joint 
There has always been considerable difficulty in obtaining accurate statistics 
on the incidence of wounds of this joint The proximity of the hip to the 
femoral and iliac artery, as well as to the bladder and rectum, makes it likely 
that in many instances death supervenes promptly This may account for the 
fact that compound penetrating wounds of the hip-joint vere not as common a 
finding in the forward Army hospitals, as were the knee-joint wounds On the 
other hand it is safe to assume that a projectile may produce tears of the 
capsule of the hip-jomt, or lesser fractures of the head and neck of the femur, 
and still remain undetected as hip-jomt injuries. 

Regardless of the number of compounded wounds of this joint that are seen 
in either war or in civilian practice, they are likely to be tragic when 
they occur 

We have been unable to find any worthwhile contributions to the literature 
on this subject since the published work of Lagenbeck^® and Otis^^ 75 years 
ago Lagenbeck had collected 132 cases during the Franco-Prussian war, and 
had seen or treated most of them He speaks of three forms of treatment" — 
the conservative, resection of the head of femur and disarticulation of the hip 
His conservative treatment was definitely the most effective There were 88 
cases in this group, 63 proved fatal A mortality rate of 71 per cent ' Resection 
of the head of femur was attended by a mortality of 83 9 per cent, while dis- 
articulation at the hip joint as a mode of treatment caused death in each 
instance 

A review of his cases in the conservative group leaves the impression that 
his treatment consisted in the mam of probing the v ound, immobilization and 
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hot poultices Theie is no mention of debridement as we know it today, and 
no wide exposuie of the joint 

Many of his recorded cases weie not suspected of having hip-joint invohe- 
ment during the early period aftei injury They were transported to distant 
hospitals, and it w'as only after the manifestations of suppuration became 
obvious that the diagnosis w'as made In spite of his figures he favored primary 
resection of the head of the femur before suppuration had a chance to develop 
His belief was that under these circumstances the mortality late w'ould be low^er 
than in the conservative group 

Otis w^as very sanguine on the subject of hip-joint w'ounds in general He 
hardly saw a case of recovery of a gun-shot fracture of the hip-joint by expec- 
tant treatment, w'hich did not leave a doubt in his mind in regard to the cor- 
rectness of diagnosis (This w'as of course before the days of x-iay ) He 
ai rived m consequence at the conclusion that the expectant treatment must be 
rejected in all cases, as soon as the nature of injury to the hip-joint became 
evident He also favored resection of the head of the femur as the treatment 
of choice 

In the British medical history of World War I- there was an estimated 
mortality of 6o per cent for all wounds of the hip-joints Debridement, closure 
of the joint capsule, and removal of the femoial head if badly comminuted, 
were advised^- as the primary tieatment Where sepsis w as ah eady established 
the head was excised routinely and w'lde drainage obtained If excision failed, 
the leg w'as amputated through the hip-joint The end results m all cases w'ho 
survived without amputation were poor, wuth a grave loss of function and 
severe crippling 

The medical history of the U S Army in Woild War I® devoted little or 
no attention to its experience with hip-joint w'ounds, other than to point out 
their serious nature The very lack of comment implied an inability to answer 
the problem In contrast, the treatment of knee-joint wmunds w'as clearly 
detailed, and today serves as a model Any improvement m lesults, in the 
treatment of knee-joint wmunds in World Wai H must be credited to the gen- 
eral advances m the surgical adjuvants, and not to changes in the underlying 
surgical principles 

It became evident to one of us (F B B ), as Surgical Consultant of the 
Seventh Army in France, that the surgical principles w'hich were being so 
successfully applied to knee-joint injuries, w^ere being ignoied in wmunds of the 
hip Unlike the knee, a thorough exploration and debridement of a hip-jomt is 
a formidable procedure in a severely wmunded patient And yet, if the principle 
of debridement is valid for the knee, all the more i eason it should be applied to 
the hip with its deep location, its many adjacent muscle bellies and planes, all 
favoring the development of infection 

It had been observed that on the rare occasion when a hip-jomt was 
explored it w'as through enlargements of the wound of exit or entrance, which 
naturally gave a limited exposure to the entire joint Unlike the knee, the hip 
IS so deeply placed that a simple anterior, lateral or posterior incision will not 
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lay bare all its secrets The operator could not end his procedure with the sense 
of satisfaction tliat all devitalized muscle had been excised, and that the area 
had been thoroughly cleansed and freed of all foreign debus 

If he glimpsed the capsule of the joint it was at the bottom of a deep hole, 
and only a limited portion was in his field of vision The intricate pattern of 
overlying muscles does not lend itself to bold incisions, which require only an 
inch or two more in length to get a good look at the pathology Boldness of 
this sort would result in damage that m turn might produce ischemia, or 
paralysis and atrophy to muscle groups 

In March, 1944, several Evacuation Hospital surgeons in the Seventh Army 
were requested to perform arthrotomies on all suspected penetrating hip-joint 
wounds The operation was to be performed initially, or within a 72-hour 
period, whenever the condition of the patient permitted The arthrotomy was 
to be a formal procedure which would give wide exposure to the joint Con- 
siderable thought \\ as devoted to the type of incision which would give the best 
exposure, and yet avoid being too destructive It was agreed that the Smith- 
Peterson incision was best suited for this purpose, and that if the posterior and 
inferior portions of the joint needed attention that the Langenbeck or Kocher 
incisions could be employed separately or in addition The wounds of entrance 
or exit were to be incorporated m the incision if convenient, and otherwise they 
ivere to be debiided individually 

In April, 1945, one of us (J E T ) had his first opportunity to put this 
plan into effect The first case was most convincing in two respects First, 
that the Smith-Peterson incision gave excellent exposure of the anterior and 
superior aspects of the joint, and that palpation of the remainder of the cap- 
sule would determine the need of an additional posterior incision Second, 
the extensive deep destruction to the gluteal muscles could never have been 
properly debrided by means of any other incision An infection developing in 
this situation ivould have extended directly into the opened joint 

Within a four-week period leading up to the end of the hostilities in Europe, 
we operated on nine hip-jomt wounds Seven of the nine cases had penetration 
of the joint capsule, and the remaining two had contusions of the capsule wath- 
out frank penetration Contusion of the capsule w^as considered by Langen- 
beck^° to have serious potentialities 

Six of the patients w^ere American soldiers, and three w^ere German pris- 
oners of war (We have a limited follow-up on all the Americans which has 
been added to the case reports No information on the Germans has been 
obtainable ) 

In SIX cases the typical Smith-Peterson approach w^as used, and m one a 
modification of it sufficed In this latter case it w as only necessary to lengthen 
the wound of entrance on the antero-lateral aspect of thigh, up to the anterior 
superior iliac spine, and then for an inch along the crest, only detaching the 
tensor fascia muscle In twm cases the Langenbeck incision was employed 
The nature of the Smith-Peterson incision demanded that its horizontal 
portion be closed m all layers The tension was so great on the re-sutured 
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gluteus medius muscle, that the ovei lying skin was closed to give it additional 
support The remainder of the wound was left wide open, with the expectation 
that a secondary closure would be performed within a week at some hospital 
in the rear 

Drainage was used in only one case, the dram was brought out through a 
posterior stab wound, splitting the gluteus maximus muscle in the line of its 
fibers 

Dry, fine mesh gauze was used as a dressing over the raw wounds, and in 
each instance a hip spica was applied Every case, when possible, was evac- 
uated to the rear within a 48-hour period The purpose of early evacuation 
was to have the patient in a permanent installation, in the event suppuration 
developed 



Fig i-A An x-ray of pelvis in Case i, taken 21 months after injury The 
slight upward shift of left half of pelvis can be seen 


All of the patients in the following case lepoits weie admitted to the 9th 
Evacuation Hospital while it was functioning in Germany duiing April and 
May of 1945 

CASE REPOKTS 
American Soldiers 

Case 1 — J E K This patient received a perforating rifle wound at 1 1 A m on 
pri 3, 1945 Admitted on April 3, 1945 The wound of entrance was in the left 
inguinal region and the wound of exit in the left buttock The abdomen was soft and 
there was no evidence of rectal injury or injury to the femoral vessels X-ray revealed an 
extensive comminuted fracture of the left ilium involving the acetabulum 
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The patient was treated foi shock He was brought to operation at 3 45 p m , April 
4, 1945, almost 29 hours after injury Pulse 100 Operator JET 

Pathology The wound of entrance was just medial to the anterior superior iliac 
spine The bullet had entered the abdominal wall and had passed extra-pentoneally to 
pierce the ilium, shattering it into one large fragment and several smaller ones It tra- 
versed the superior lip of acetabulum m its path, unroofing the joint In emerging from 
the ilium It destroyed the gluteus minimus and maximus over a diameter of about 3 
inches, leaving a large defect The superior gluteal vessels had been completely divided 
There were many small loose bone fragments, but no debris, just old blood clots 



Fig i-B — A spot film of left hip in Case i The hip- 
joint shows extensive arthritic changes and is painful, but 
there is 25 degrees of flexion 


Procedure Using a Smith-Peterson incision, the antero-superior aspect of the joint 
was exposed The above pathology was outlined The capsule of the joint was opened 
by means of a “Y”-shaped incision The head of femur was examined and found to be 
uninjured The joint was then thoroughly irrigated with warm saline, and closed with 
interrupted chromic gut sutures The defect in the joint where the superior lip of the 
acetabulum had been destroyed, could not be closed by a muscle flap of gluteus minimus 
This muscle was completely lacking in blood supply and had to be removed in its major 
part The severed superior gluteal vessels were ligated The wound was thoroughly 
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irrigated and 10,000 units of penicillin were instilled into the hip joint Closure was per- 
formed by re-attaching the gluteus medius to the iliac crest, and suturing the overlying 
skin with interrupted fine wire sutures The vertical portion of the Smith-Peterson 
incision was not sutured 

The wound of entrance was incised down to fascia, and a local debridement was 
performed The wound of exit was located in the left buttock four inches from the mid- 
line and on a level with the greater sciatic notch It was enlarged laterally revealing a 
large defect of gluteus maximus that communicated directly with the space left by excising 
the gluteus minimus muscle It was impossible to obliterate the cavity The wounds were 
left open, dry fine mesh gauze was applied to the raw surfaces No drams A plaster hip 
spica was applied 

Follow-np Secondary closure was performed m England, in April 1945 He was 
evacuated to the United States on June i, 1945, with his wounds healed and in a double 
hip spica which was removed duiing June 1945 He wore a brace and was ambulatory 
from July i, 194S The brace was discarded in February 1946 He was discharged from 
the Army on December 10, 1946 

He was examined by one of us (J E T ) on January 16, 1947 He is now gainfully 
employed at a desk job His mam complaints are pain in the hip, and to a less extent 
pain in the left knee and left flank He uses a cane and walks with a definite limp 

On examination all his wounds are found to be cleanly healed There is meas- 
ured shortening on the left side, in measuring from the umbilicus to the medial malleolus 
When measuring from the anterior superior iliac spine the left leg measures the same as 
the right The shortening is due to the upward shift of the fractured ilium and acetabulum 

The motion at the hip is limited to 20 degrees flexion, 5 degrees extension, 5 degrees 
internal rotation, and 5 degrees external rotation The extension at the knee-joint is com- 
plete, and he can flex the knee to 90 degrees There was marked atrophy of the left thigh 
and left buttock, there was only slight atrophy of the left calf 

X-ray examination of the pelvis to include the left hip reveals extensive healed com- 
minuted fractures of the left ilium which involves the acetabulum Definite encroachment 
on the pelvis is shown by the medially displaced acetabulum and pubic fragments There 
IS upward displacement of the acetabulum, plus cartilage absorption of the articulating 
surface of both the head of the femur and the acetabulum (Fig i) 

Comment — ^This case illustrates a very severe type of penetrating tvound of 
the left thigh, where a comminuted fracture of the ilium communicated tvith the 
hip-jomt The damage to the gluteal muscles tvas extensive, including early 
ischemic necrosis of the gluteus minimus due to destruction of its blood supply 
Debridement of this wound could never have been accomplished as easily or as 
completely through any other type of incision It is felt that if this patient had 
been given the usual conservative treatment with wound debiidements, he 
would have been an excellent candidate for deep wound infection and secondary 
suppurative arthritis 

Functionally his result is poor, and he may come to hip fusion to control 
pain On the basis of World War I experience he may \vell have been included 
m the 60 per cent mortality group 

Case 2 — ^H H S The patient received a bullet wound of left upper thigh on April 
9, 194s He was admitted six hours later X-rays revealed a comminuted fracture of the 
neck of femur and greater trochanter He came to operation hours after injury 
Operator JET 

Pathology — The wound of entrance was situated on the antero-lateral aspect of middle 
third of left thigh In coursing upwards the bullet traversed the base of the neck of left 
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femur to he, finally, just beneath the skin of left buttock about three inches lateral to the 
anus The greater trochanter was also comminuted In its course it destroyed about two- 
tlurds of the tensor fascia muscle, and locally destroyed portions of the deep surface 
of tlie gluteus maximus muscle The fracture lines extended into the joint proper 

Procedine — Smith-Peterson incision employed with the wound of entrance included 
in the vertical portion of the incision The devitalized tensor muscle and the destroyed 
portions of the gluteal muscles were excised Some clothing and bits of steel jacket from 
the bullet were also removed The capsule of the joint was opened through a Y-shaped 
incision on its anterosuperior aspect and the fracture was seen to communicate with the 
joint Actually the bullet had traversed the trochanter at an extra-capsular point 

The joint was irrigated with warm saline, and the capsule closed with a lock stitch 
of continuous chromic gut 10,000 units of penicillin were injected into the joint The 
bullet was then excised from beneath the skin of the buttock 

A postero-lateral incision, splitting the fibers of gluteus maximus, was made, and a 
rubber tube dram inserted to a point just posterior to the fracture line (To be removed 
in three days ) 

The Smith-Peterson incision was closed m layers, except for the distal half of its 
vertical portion 

The hip was reduced by the Ledbetter maneuver and a plaster hip spica was applied 
Fo)low-up — A letter received from patient on December 8, 1946, is as follows 

“I received your letter asking me about my hip wound Well it sure turned out 
better than I ever thought it would You asked me a few questions in jmur letter, I’ll 
do my best to answer them 

“The first thing, my hip is healed and well After I was operated on in the 112 
Gen’l, I was put m traction Ten days after they operated, the wound was well healed, 
but the bone itself would not knit I was in traction 10 weeks and sent back to the 
States, here I was put in skin ti action for three weeks, then up on a full leg brace, 
which wasn’t so good I was sent to Percy Jones Hospital after that, oh yes, this brace 
was gotten at Winter Gen’l Hopital in Kansas After one month at Percy Jones they 
operated again and put in a sted plate which turned out all right so far 

“As for working I haven’t done anything yet I tried a few things back here on 
my Dad’s farm but that’s out My leg is an inch short and throws me off balance to 
carry anything So I have to look for some other sort of a job My knee has only 90 
degree bend and hip partially stiff 

“I am home now on Terminal leave, which is up the 15th of December, far as 
disability pension I wouldn’t know as yet ’’ 

Comment — This case illustrates a bullet wound causing a seveie compound 
fracture of the greater trochanter of femur, and the fiacture line extending 
into the joint The deep-seated destiuction of muscle, and the clothing carried 
into the depths of the wound would have been difficult to discover with a 
simple type of incision Suppuration of the hip joint wmuld have been a likely 
complication fpllowmg the conservative foim of treatment 

Case 3 — D P This patient received a shell fragment wound of the upper left 
thigh on April 19, 1945 He was admitted and operated on the same day Operator 
JET 

Pathology — X-ray had shown two large shell fragments adjoining the hip, one of 
which looked as though it might ha\ e penetrated tlie capsule Actually one fragment was 
found lying on the antero-superior aspect of the capsule but had not penetrated it The 
other one was found medially beneath the sartorius muscle 

Ticatment — Smith-Peterson incision The shell fragments were removed and the 
destroyed muscle tissue debnded The joint capsule was not opened The Smith-Peterson 
incision was closed except for tlie distal half of its vertical portion A hip spica was applied 
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Follow-Up — A letter received from the patient's father on Dec 5, 1946, states that 
the patient underwent no further surgery He was discharged from the Army and is now 
attending school His hip is said to have 20 per cent limitation of motion 

Comment — This case was subjected to more surgery than was needed 
The capsule of the joint was contused and not penetrated It is inevitable that 
a certain per cent of negative explorations will occui 

Case 4 — T A AI This patient received a bullet wound of the right anterior thigh 
on April 23, 1045, at 5 30 A M Pumary operation on April 24, 1945, at 2 30 A M 21 hours 
after injury Operator C F Stewart 

Pathology — A simple debridement of the wound of entrance was made and the tract 
was explored The entrance was just lateral to the femoral vessels on the anterior thigh, 
and an x-ray had shown the bullet at the level of the neck of femur It was thought that 
It was lying anterior to the capsule just below the sartorius muscle A vertical counter 
incision was made between the sartorius and the tensor fascia muscles At the end of two 
hours of search the procedure was abandoned The wounds were left open and dry 
dressings were applied 

Couise — On April 25, 1945, check-up x-rays, which included a lateral view, suggested 
that the bullet had penetrated the joint capsule, and was lying against the neck of femur 

Secondary Operation on April 25, 1945, at 3 pm Operators C F Stewart and J E 
Thompson The original counter-incision was extended upwards and converted into a 
Smith-Peterson approach The antero-superior aspect of the joint was exposed The 
capsule was opened with a V incision on its anterior surface, and the joint filled with 5 
to 10 cc of bloody fluid On the anterior surface of the head was a minor crushing injurj 
to the cartilage, not sufficient to require debridement The bullet was then found embedded 
within the substance of Bigelow’s ligament opposite the superior surface of the femoral 
neck It was partially within the joint The bullet was remov'ed and the openings in the 
capsule were closed with a continuous lock-stitch of chromic gut after irrigating the joint 
with warm saline 10,000 units of penicillin were instilled into the joint 

The wound was then closed in layers except for the vertical portion of the Smitlv- 
Peterson incision which w'as not sutured A hip-spica was applied 

Follow-up — A letter was received from this patient on Jan 15, 1947 He was still in 
the army as of that date He states that his only subsequent operation was for secondary 
closure of his wounds He is now suffering from slight stiffness at his hip-jomt, with 
occasional pain m the hip and back 

Comment — This case beautifully illustrates the problems of penetrating 
hip-joint wounds as encountered and treated in the past It emphasizes the 
time consumed in trying to trace the path of a foreign body which has pene- 
trated deep into the tissues around the hip-joint It shows the inadequacy of 
using an ordinary debridement incision to give the proper exposure The 
knowledge gained by the preceding cases was of great help in deciding that a 
secondary operation was necessary, particularly after the x-rays were reviewed 
and new ones weie obtained 

Case 5 — S D S This patient received a bullet wound of the left thigh on April 24, 
194S» at II 45 pm The wound of entrance was on the antero-Iateral aspect of the left 
thigh in the upper third X-ray showed a fragmented bullet which seemed to be in the 
hip-jomt 

Operation was performed on April 25, 1945 Operators G Crawford, J E Thompson 
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It was decided to approach this case using only the vertical portion of the Smith- 
Peterson incision, as the bullet was seen by x-ra}’' at a point just anterior and inferior to 
the neck of femur The incision was made to pass through the wound of entrance, and 
extended deeply between the sartorius and rectus femons on the medial side and the 
tensor muscle laterally The capsule of the joint was exposed and incised m the line of 
Its fibers The bullet fragments were removed both from the capsule and curetted from 
the substance of the neck of femur 

The joint was irrigated with warm saline, and snugly closed 10,000 units of penicillin 
were instilled into the joint The upper half of the incision was closed and the remainder 
left open A hip spica was applied 

Follow-i(p — A letter from the patient on December 12, 1946, stated that his wound 
was sensitive but completely healed He has occasional pain and stiffness of the hip-joint, 
particularly when he walks or stands too much Upon his discharge from the Army he 
was allowed 30 per cent disability He now has an easy civil service job 

Comment — ^The exposure using this type of incision was quite difficult in 
that it required considerable heavy retraction and only a limited view of the 
anterior part of the capsule The many arterial branches entering the tensor 
muscle in its distal half added to the difficulty The operation would have been 
easier, and the exposure improved by detaching the origin of the tensor muscle 
from the anterior superior spine and the infra-spinous portion of the crest of 
the ileum This modification of the Smith-Peterson incision would be perfectly 
adequate to approach the antero-infenor portion of the hip-jomt 

Case 6 — N M This patient received a bullet wound of the left buttock on May 4, 
1945, at 9 30 PM and was admitted on May 5, I 94 S X-ray revealed the bullet adjoining 
the neck of femur on its posterior aspect Operation at 5 a m on May 6, I 945 > 32 hours 
after injury Operator G Crawford 

A posterior approach was utilized as described by Langenbeck, passing through the 
wound of entrance The fibers of the gluteus maximus were split, and the gluteus medius 
retracted anteriorly The bullet passed through the pynformis muscle to enter the joint 
The capsule was incised and the bullet removed A small fractured area of the rira of the 
head of femur was debrided and the jomt was irrigated with warm saline The capsule was 
closed and 10,000 units of penicillin were instilled into the joint 

The soft tissues were not sutured A hip spica was applied 

Follow-up — ^The only information that could be obtained about this patient was that 
he was back at regular duties with the Army of Occupation m Europe in February, 1946 
This fact would indicate that his disability was minimal 

Comment — ^This case illustrates the adequacy of the posterior approach for 
selected cases where the patholog)^ is limited to the posterior aspect of the joint 
It is a much less destructive incision 

German Prisoners 
(No Follow-Up Obtainable) 

Case 7 ,— E S The patient received a perforating bullet wound of left thigh at 4 
P M April 5, 1945 He was admitted at i a m April 6, 1945 Examination revealed a 
wound of entrance j’ust below and medial to the left anterior superior iliac spine, the 
wound of exit was in mid-left buttock There w'ere other irrelevant wounds The clinical 
signs pointed definitely to joint involvement 

Operation— -A-pnl 6, 1945, at 2 20 pm 22 J 4 hours after mjury Operator. JET 
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Pathohffiy— The bullet had traversed the thigh and buttock just superior to the 
capsule No penetration of the capsule could be found The gluteal muscles were quite 
healthy looking and only a moderate amount of debridement was necessary 

Procedi/rr — Smith-Peterson incision The capsule was opened with a V-mcision, the 
joint was inspected and found to be negative Several small fragments from the bullet 
were removed from the soft tissues outside the capsule The capsule was snugly closed 
with a running lockstitch of chromic gut Penicillin 5000 units were instilled in the joint 
The incision was closed in lajers except around the wounds of entrance and exit A hip 
spica was applied 

Comment — This case had no actual penetration of the hip-jomt in spite of 
the clinical signs, which were probably due to contusion of the capsule There 
was very little deep destruction of soft tissues, so that the end result will not 
be materially benefitted by the Smith-Peterson incision 

Case 8 — K G The patient was admitted on April ii, 1945, with a penetrating bullet 
wound of the left buttock An A P x-raj"^ view' was taken and the bullet W'as interpreted 
as lying in the soft tissues of the buttock 

Operation — April ii, 1945 Operators K E Black and T Healy 
Fust Pioccdnrc — A transierse incision w'as made through the wound of entrance 
m the line of left buttock crease Considerable tune was spent in an unsuccessful effort 
to find the bullet, only a gutter fracture in the outer table of ileum w'as discovered 
Further operation w'as abandoned 

Postoperative x-raj's were taken on April 12th and 13th A lateral mcw' taken on the 
latter date gave fairly definite evidence that the bullet w’as imbedded either in the capsule 
or in the joint itself 

Second Procedure — April 13, 1945 Operators J E Thompson and K E Black 
Ptocedme — Smith-Peterson incision The anterior and superior surfaces of the cap- 
sule showed no evidence of penetration or trauma The bullet could not be seen or felt A 
bi-manual examination with a finger in each of the anterior operative and posterior wound 
of entrance revealed that the bullet, after creasing the outer table of ilium, had entered 
the base of acetabulum at about 7 o’clock (in the recumbent position) 

The capsule of the joint w'as incised from the base of neck to acetabular rim along 
Its superior surface, and then converted into a Y by an additional incision posteriorly 
inclined to get sufficient exposure The base of the bullet w'as exposed, lying partly in 
capsule and partly in the joint It w'as separated and cushioned from the femoral head 
by the “Labrum Glenoidal,” in whose substance it w’as also imbedded, and w'hich it had 
partially divided at one point along its periphery The bullet w’as removed and tw’O small 
clots evacuated, no further evidence of joint damage could be detected 

The capsule was closed w'lth a continuous lock-stitch of chromic gut The Smith- 
Peterson incision W'as completely closed in layers, relying on the posterior wound for 
drainage A hip spica was applied 

Comment — This case illustrates joint involvement can be missed, partic- 
ularly where x-rays are misinterpreted or the view s are not satisfactory The 
Smith-Peterson incision distinctly facilitated the location and removal of the 
bullet Suppuration w'ould very likely have developed, as one of the compli- 
cations, if conservative treatment had been followed 

Case 9 — L N The patient was admitted at 3 20 a m on April 23, 1945, with a gun 
shot wound of the buttock X-ray examination showed the bullet lying within the neck of 
femur at the le\ el of the capsule attachment near the posterior cortex 

Operation —April 23, 1945 Operators G Crawford and J E Thompson 
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Paihohg :^' — ^The bullet entered the left lower buttock 8 cm from the nudlme, and 
pierced the hip joint through the superior gemellus i cm lateral to the rim of the glenoid 
It penetrated the head of tlie femm through a small lound hole and passed down the 
neck of femur just beneath the cortex 

Pioccdwc — ^Incision was the postero-lateral approach of Langenbeck The gluteus 
ma:Mmus tendon was partiallj’’ incised neai the trochanter and the incision extended toward 
the postero'supeuor ihac spine splitting the muscle fibers The origin of gluteus medius 
was slightlj'- freed from the tiochanter and the muscle retracted anteriorly The joint 
capsule rras exposed and opened mfeuoi to the pyrifornus muscle It was opened with a 
right-angled incision The bullet was removed by unioofing the tunnel in the head and 
neck of femur 

The joint was lavaged with warm saline, and closed with a continuous lockstitch of 
chromic gut 10,000 units of penicillin wcie placed in the joint The exploratory wound 
was closed in layers The wound of entiance was debiidcd and left wide open A plaster 
hip spica was applied 

Commoii — This posteiioi appioach of Langenbeck gave beautiful exposuie 
after the 01 igin of gluteus medius was pai tially detached The best expostii e 
of the head was obtained postenoi to the pyiifoimis, instead of anteiioi to it 
as described by Langenbeck 


SUMMARY 

A penetrating wound of a joint, aside fiom its destiuctive effect on the joint 
niecbamsm, is likely to result in suppuiation unless the utmost caie is exerted 
towards its prevention This sequence of events occurs m any joint, large 01 
small and seems to have a dnect beanng on the delicate blood supply to the 
cartilaginous sin faces of the joint A wound that combines the destiiiction of 
caitilage with the intioduction of foreign debus is even more likely to develop 
this unfoitnnate complication 

Suppuiation involving the hip or knee-joint at times is attended wnth such 
severe sepsis that life is thieatened The same tin eat to life is laiely seen 
following suppuiation of the othei majoi joints such as the shoulder, elbows 
WTist and ankle, but the same pnnciples of pievention and tieatment of tliese 
joint w'oimds should be follow'ed 

A¥arfaie piesents the oppoitunity to see joint wounds m sufficient numbeis 
and variety to peimit an organized smgical attack on the pioblem, in an ehoit 
to 1 educe the moilndity and moitahty 


Tablf I 

PFNETRATING WOUNDS OP KNrC-JOJNTS 

Number ol 


Source 

Era 

Cases 

Suppuration 

Amputation 

Mortalitv 

British Army 

1914 

? 

Nearly all cases 

60-80% 

? 


1916 

? 

25% 


15% 


1917 

? 

12% 

7% 

8% 

U S Army (.Pool) 

1918 

34 

8 8% 

? 

? 

U S Army 






(two cvac hosps ) 

1945 

227 

0 9%* 

0 

0 


^ These two cases were suppunting on arrual at the hospital One injured 10 and 
the other 14 days prior to admission 
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A glance at Table I reveals that in 1917 the mortality late following knee- 
joint injuries had dropped to 8 per cent as reported by the British Army, 
while m 1918 the incidence of suppuration as reported by the U S Army 
Medical Dept was 8 8 per cent 

Pool outlined in detail the treatment of penetrating wounds of the knee 
joint from his experience in World War I, and today it serves as a model The 
principles of treatment which he advocated ivere employed by several Evacua- 
tion Hospitals in the U S Seventh Army during 1945 In reporting 227 pene- 
trating knee-joint wounds, it is to he noted that only two cases developed sup- 
puration Although the follow-up is incomplete, none are knowm to have died 
or to have required amputation In brief, the underlying principles of treat- 
ment are as follows (i) Wide formal arthrotomy through the wound of 
entrance or exit if convenient, but the essential point is good exposure of the 
inside of the joint so that all devitalized bone and cartilage, debris and foreign 
bodies can be removed (2) Copious irrigation of the joint wnth warm saline 
(3) Separate debiidement of the wound of entrance and exit (4) Complete, 
w^ater-tight closure of the joint capsule at all points Where a defect of capsule 
exists, it must be closed by a sliding flap of slan or fascia, or even a free fascial 
graft if necessary (5) The skin is left open to be closed secondanly on the 4th 
to 7th postoperative day (6) If a compound fracture of the patella exists, the 
patella in most instances should be excised (7) The only addition to the treat- 
ment as formerly outlined by Pool, was the local and systemic use of penicillin, 
and the emphasis on complete postoperative immobilization of the knee-joint 
by means of a hip spica instead of a high thigh cast 


Table II 


PENETRATING WOLINDS OF THE HIP JOINT 





Number of 




Number of 

Cases 

Total 

Source 

Era 

Cases 

Followed 

Mortality 

Langenbeclv (Franco Prussian War) 

1870-71 

132 

131 

77 2% 

Otis (Civil War) 

1865 

386 


85% 

British Army (World W^ar I) 

1914-18 

? 


60% 

Madier (French Army) 

1914-18 

39 

37 

37% 


A glance at Table II shows the high mortality attending hip joint wounds 
as seen in previous wars 

In World War II, hip-joint injuries continued to be a serious problem 
with appreaable numbers suppurating and developing profound sepsis It 
became apparent that the surgical principles which had been applied so suc- 
cessfully to knee-joints were not being earned out for the hip Its deep loca- 
tion made it difficult to approach, debridements were as a result usually incom- 
plete, and inspection of the joint capsule was inevitably rare In addition 
minimal injunes to the capsule, head, neck and femoral trochanter were often 
overlooked early after injury, because one’s attention was not specifically 
focused on the joint itself 
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In March 1945 it i\as suggested by the yth Army Consultant that all sus- 
pected hip-jomt ^^ounds weie to be submitted to a formal arthrotomy. The 
Smith-Peterson approach was to be used by preference, and where it was 
desirable to expose the joint posteriorly, the postei o-lateral approach of Lan- 
genbeck was to be emplo}ed 

We encounteied nine penetrating hip-jomt ivounds during the month of 
April 1945 The pathologic findings were as folloivs 

a Fractures involving ilium and acetabulum 2 cases 

b Fracture of the neck and greater trochanter of femur i case 
c The capsule penetrated and the bullet found imbedded 
in capsule and paitly within joint, wuth minimal dam- 
age to the head or neck of fei\iur 3 cases 

d Bullet lying completely imbedded in the neck of femur i case 
e Simple contusion of the joint capsule 2 cases 

Six cases weie Ameiican soldiers, and thiee were German prisoners of 
w’ar No follow-up has been obtainable on the Germans, but letters have 
recentl)^ been received from all the Americans None of the six cases sup- 
purated, none had to be amputated and there were no deaths None have 
draining sinuses, the wounds being completely healed Five out of the six 
complain of some pain and have some degree of limitation of motion One of 
the most severe cases was personally seen and examined, he walks with a 
marked bmp. has a model ate amount of pain and only about 25 per cent 
motion at the hip joint X-ray examination shows an upward shift of aceta- 
bulum secondary to mal-union of a comminuted fracture of the ileum There 
IS also marked arthritic change about the joint (Fig r) 

CONCLUSIONS 

In conclusion it is thought that the complications of penetrating joint 
wounds wull be reduced to a minimum by adhering to the following principles 
of treatment 

1 Operation at the earliest possible moment after injury 

2 Wide exposure of the joint, by means of a formal arthrotomy, m order 
that the capsule and inside of the joint can be thoroughly inspected 

3 The joint should be irrigated wuth saline and completely cleansed of all 
devitalized bone, cartilage and foreign debris 

4 The joint capsule must be closed ‘Vater-tight” at all points 

5 Complete immobilization of the joint postoperatively, 

6 Penicillin locally and systemically 
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Discussion — Dr Frank B Berry, New York Six cases is not a large senes, but 
I think SIX cases of wounds such as you saw in the last patient, all of which are thoroughl} 
healed without having undeigone sepsis, are noteworthy in wounds of the pelvis and hip 
joint I think this principle of debridement can be applied to civilian life More than 20 
jears ago when I was a junior on the staff, I opened a knee joint for a bullet wound with 
compound fracture, as described by Doctor Thompson, debrided it and sewed it up tight 
Twelve days later the patient had complete mobility of the joint I was impressed 
with this 

Doctor Pool, who was with us, had a reprint of his father’s to guide us, and when 
we were confronted with these cases we early established the principle of opening 
and debriding all wounds of the knee joint I talked it over with Doctors Taylor and 
Thompson, who are here, and with Doctor McNeil of the Sacramento Unit, and we decided 
that up to three days, if we were not able to do it at first, we would similarly perform 
formal arthrotomies in hip joint wounds, realizing that in wounds involving joints, if 
suppuration does not result immediately, there are certain natural defenses Hence, during 
the latter part of the war we elected to try this procedure Instead of sending patients 
back to face a period of sepsis, we sent them back with clean, even though damaged joints, 
which could be handled by the orthopedists in general hospitals, who could then proceed 
with these patients who were not septic 

When we were in Naples we were detached from the American Army and assigned 
to the French This gave us six months to follow and study our patients as we were not 
obliged to evacuate our severely wounded We were confronted with six patients with 
suppurating knee joints We went around to our American friends but could not get any 
help on how to handle them, except to immobilize and amputate when necessary We did 
have to amputate in one instance to save life The French surgeons said, why not resect 
these joints^ Inasmuch as the French did not supply prostheses, we were confronted 
with the necessitj' of choosing between amputees without prostheses, or joint resection and 
stiff leg, so we elected to resect these patients 
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(Slides) This boy was resected and sent back with his w^ound healed, with the thought 
that at least tlie leg was preserved, and that some future operation could be performed to 
strengthen tiie leg We were confronted with these two problems, so we went back to 
resection as advocated many 3 ears ago, and considered it a worthw'hile procedure and 
preferable to amputation 

Dk Gut A Caldw'cll, New' Orleans Tins is a very excellent lesson in technic, 
worked out in military life, which should be carried into civilian life Many small puncture 
w'ounds of the knee which look harmless at the time, too often result in joint suppuration, 
e\en w’hen penicillin has been administered Such w'ounds need exactly the same manage- 
ment that has been outlined bi' the speaker, viz, debridement, cleansing the joint, suture, 
immobilization and penicillin therapy 

Dr I Ri0gewa\ Trimble, Baltimore The nature of residual pain is most interesting 
I should like to ask if the incidence of causalgia was studied A young man wounded in 
1944 came under m}' care recently He w'as struck in the ankle, with partial severance of 
the posterior tibial none, and w'as in the hospital for 19 months He had so much pain 
that he came to the orthopedic surgeon for amputation If he stubbed his toe he would cry 
with pain, scuffing his foot gave intense pain He w’as submitted to a lumbar sympa- 
tectom3 and has since been completel3'’ relicied of pain 

Major Generm Norman T Kirk, Washington, D C We should thank Doctor 
Berry and Doctor Thompson for this contribution As w'as stated in their paper. Doctor 
Pool pointed out, in World War I, proper debridement of joints was essential if infection 
was to be preiented and tins was made of lecord in the medical history of that war, yet 
during the peace that follow'ed the war and wdien World War II came, the medical pro- 
fession had not taken advantage of tins information or had failed to read the literature 
which contained the answ'er I hope that w'hen w'e plan for the next war, or when it is 
imminent, someone will find and read this paper wdiicli has been presented here today 

Unfortunatel} , proper debridement was more often done m injuries to knee joints and 
other small joints than it w'as when the hip joint w'as involved The proper debridement 
of a hip joint is a formidable operation and not too many surgeons are sufficiently trained 
to properly perform it The hip joint lies deep in muscle structure and wdien involved in 
battle w'ounds is often complicated wuth visceral or multiple injuries or both 

If infection is to be prevented in joints, early proper debridement is essential If this 
infection is not prevented the joint is destroj'ed and too often, in order to save a patient’s 
life, a joint resection or an amputation is required It is believed that the proper debride- 
ment of joints and compound injuries in civil life is as essential as it is m the Army 

Dr Carl Eggers, New' York I arise to call attention to another phase of the subject, 
that IS, that this presentation illustrates the importance of basic training of surgeons 
Doctor Berry is at present knowm principally for his w'ork in thoracic surgery When he 
was confronted with war surgery his mind reverted to his early training and experiences 
This emphasizes the great importance of not encouraging too early specialization, but to 
give all surgeons training in general surgery before they embark on a specialty 

Dr Leo Eloesser, San Francisco I would like to ask Doctors Berry and Thompson 
whether they closed the skin and soft parts, or left them open 

Dr Edw'ard D Churchill, Boston The points raised by General Kirk and Doctor 
Eggers are very important Military surgery is a discontinuous specialty and stops w'hen 
the last shot is fired, then is forgotten We knew too little of the surgical experience of 
World War I I was a member of the N R C Committee assigned to prepare a manual 
of war surgery If the men assigned these tasks had gone back to the literature of 
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World War I and based their manuals on the writings of the surgeons who participated 
in that conflict, the results would have been more helpful 

The second question brought up by Doctor Eggers — ^why did we have trouble getting 
these basic principles adopted by surgeons? Early in World War II we were dealing with 
specialists in civilian surgery, not with military surgeons I personally pleaded with ortho- 
pedic surgeons to follow Doctor Berry’s recommendation regarding the knee joint, but 
they thought it unsound to think of opening a knee joint in the operating tent of an 
Evacuation Hospital, quite forgetting that the dirt, torn uniform and devitalized cartilage 
within the joint was a far greater hazard than the tarpaulin flooring and other relatively 
crude provisions for aseptic surgery It was impossible to convince the general surgeon 
that he should do a wide arthrotomy on a hip joint He had never seen the operation and 
did not know the anatomy 

Dr James E Thompson, New York (closing) I wish to thank all the discussers 
In reply to Doctor Trimble’s question about causalgia, I think it is an interesting possi- 
bility as a cause of the pain We have had no experience in treating such cases with 
sympathectomy In the one case on which we were able to obtain a check-up x-ray exam- 
ination there is a lot of arthritic reaction about the hip joint, which must be the cause of 
his pain I would not be surprised if his hip joint has to be fused at a later date 

In answer to Doctor Eloesser, the skin was always left open, to be closed secondarilj 
in a four- to seven-day period We either closed them ourselves, or the closure was per- 
formed later at a general hospital 



PULMONARY CAVERNOUS HEMANGIOMA WITH ARTERIO- 
VENOUS FISTULA, SURGICAL MANAGEMENT. 

CASE REPORT*^ 

J. Deavey Bisgard, M.D. 

O'SrAlIA, NcimASKA 

Visceral hemangiomas aie uncommon. Autopsy records indicate an 
incidence less than o 3 per cent Hemangiomas of the lung are rare and for 
this reason I felt that my case should be added to the small group previously 
reported 

Hepburn and Dauphmee seaiched the literature to the time that they 
reported their case in 1942 and summarized their findings as follows, “Caver- 
nous hemangioma of the lung is not mentioned in Henke and Lubarsch’s 
Handbook of Patholog)’- This work, however, does refer to a case described 
by de Lange and de Vries-Robles (1923) of an infant age two and a half 
months, uhose lungs, at autops}'’, were seen to contain two small tumors, which 
microscopicall}'- were shown to be capillary hemangiomas Wollstein in 1931 
reported a malignant hemangioma of the lung which was found at autopsy in 
a child aged four months, and Hall in 1935, also described, a malignant pul- 
monary liemangioma m a woman aged 40 In both these malignant cases there 
was a distinct anemia and an appieciable loweimg of the red blood count 
Bowers, in 1936, reported the death of a new-born child caused by hemorrhage 
from a ruptuied pulmonary angioma In 1939, Duvoir et al 1 elated the case 
of a child uho, from 1932, had been subject to paroxysms of dyspnoea and who 
had congenital lues Roentgen rays of the chest showed an opacity which was 
thought to be caused by a lipoma Pathologic examination of the removed 
tumor, however, showed the mass in the lung to be a hemangioma The child 
died of pneumonia five years later and autopsy revealed many lipomata, visceral 
angiomata and a hpoangioma Cyanosis and clubbing of the fingers were not 
mentioned and no blood examination was recorded ” 

The review of Hepburn and Dauphmee included two additional cases, one 
reported by Rodes in 1938 and one by Smith and Horton in 1939 To these 
they added their case 

Rodes, It would seem, should be credited wuth the first description of pul- 
monary cavernous hemangioma as a clinical entity In the eight years following 
his report ten additional cases have been recorded, including my case Two 
deductions are evident, cases existing prior to 1938 were not recognized and 
second the lesion is not as rare as the above figure suggests 

Smith and Horton, accredited with having made the first ante mortem 
diagnosis, pointed out a characteristic clinical syndrome and its physiologic 
basis And from the additional contributions from the case studies of Hepburn 
and Dauphmee, Goldman, Janes, Jones and Thompson, Adams, Thornton and 

* Read by title before the Meeting of the American Surgical Association, Afarch 
25-27, 1947, Hot Springs, Virginia 
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Eichelberger, Shenstone and Makler and Zion a comprehensive picture of the 
entity and its pathologic and clinical variations has evolved 

The hemangiomas in most instances have been unilateral and near the hilus 
but in the cases reported by Rodes and Makler and Zion and in one of Janes 
cases there were multiple hemangiomas immlving both lungs 

How these lesions should be classified is of academic interest principally 
Anatomically, they are hemangiomas, physiologically antero-venous fistulas 
As a matter of fact, Reid, Horton and others are of the opinion that all heman- 
giomas are abnormal arteriovenous communications through ivhich arterial 
blood flows from arteries to veins without passing through a capillar}^ bed 
Probably all pulmonaiy hemangiomas aie congenital Their presence has 
been demonstrated m new^boin infants and in some of the reported cases there 
has been a history of c3'anosis since infancy Why symptoms do not appeal 
until later in life in some cases may be explained by the fact that cyanosis and 
symptoms associated with it result from a large shunt of blood from the pul- 
monary artery to the pulmonar}’’ veins It has been estimated that at least 25 
per cent of the blood must be shunted before cyanosis is apparent It wmuld 
seem reasonable to assume that a small fistula through a hemangioma wmuld 
progressively enlarge to a size that would produce symptoms as time passed 
There is no record of a pulmonary arterio-venous fistula of traumatic origin 
and, furthermore, in the reported cases there is no definite evidence of an 
etiologic factor othei than a congenital one 

In terms of oxygen saturation the direction of blood flow' through a fistula 
in the lung is the reverse of that through a shunt in the systemic circulation 
Therefore, much of the blood leaving the left ventricle is venous and unsat- 
urated with oxygen so that some degree of cyanosis is a constant symptom 
The cyanosis is somewhat distinctive in that there is no associated enlargement 
of the heart or other evidence of a cardiac lesion but there is, wnth exceptions, 
a compensatory polycythemia, polyemia and hyperhemoglobinemia wuth an 
increased hematocrit and reduced oxygen saturation The degree of cyanosis 
and polycythemia is dependent upon the size of the fistula and the volume of 
the shunt and the increase in the number of red cells accounts for the increased 
blood volume, there being no appreciable increase m serum and none in the 
number of white blood cells and platelets The blood picture differs also 
from that of true polycythemia by absence of changes, such as basophilic stip- 
pling and immatunt}' of the wdiite cells A constant finding is the presence of 
one or more chronic non-progressive pulmonary lesions wdiich roentgenograph- 
ically are cylindrical masses and which under the fluoroscope often may be 
observed to pulsate In laminagrams the cylindrical configuration and branch- 
ing character of the lesions may be demonstiated 

In five of the reported cases and in my case a continuous murmur was 
heard over the pulmonar} lesion and m each instance it was loudest at the 
end of deep inspiration 

Clubbing of the fingers and toes is a constant finding The extent of these 
changes varies with the duration and the degree of cyanosis 
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Otlier symptoms aie vaiiable including pain in the chest, cough, dyspnoea, 
astlimatic paroxysms, hemopt}sis, fatigue, veitigo, faintness, headaches, syn- 
cope and disturbances of speech and vision 

Treatment consists of ablation of the fistula This can be accomplished 
only by suigical interfeience Opeiation is indicated in the absence of mca- 
pacit}’’ and even in the absence of noteworthy symptoms because of risk of 
fatal hemorihage from ruptuie of the hemangioma and of sequelae resulting 
from thromboses secondary to the polycythemia 

Seven cases including mine have been opeiated upon and all have been 
cured In four, (Shenstone and Janes, one, Jones et al , one, Adams et al , 
one and Goldman’s case) a total pneumonectomy vas done, m two, including 
111) case a lobectoin)’- and in one, a case of Janes, local excision of multiple 
bilateral lesions The ideal opeiation would eradicate the hemangioma by 
interrupting the vessels communicating with it without sacrificing pulmonary 
tissue Unfortunately, this has been technically impossible except in Janes’ case. 

REPORTED CASES 

In 1938 Rodes reported a 25-3 ear-old male with a history of cyanosis and 
dyspnoea as long as he could remember and clubbing of the fingers since the 
age of 15 His heart iias normal and there was no congenital defect He died 
of a massive hemorrhage from a ruptured hemangioma His red blood cell 
count was 7,540,000 and the hemoglobin 118 per cent A roentgenogram 
showed spherical shadows 111 both low^er lung fields Postmortem examination 
revealed hemangiomas both low er lobes, twm in the right and one m the left 
The second case and the first one diagnosed ante mortem w'as reported in 
^939 by Horton and Smith Their patient, a male of 47 years, stated that he 
had been a “blue” baby at birth and had been aware of cyanosis and of club- 
bing of the toes and fingers since the age of 24 When first examined by 
Horton and Smith in 1932, there w^as in addition to the cyanosis and clubbing 
a polycythemia, a red cell count of 6,000,000 and a hemoglobin of 20 6 Gni 
leading to a diagnosis of polycythemia vera When re-examined six years later 
a continuous murmur w^as heard at the base of the right lung A roentgeno- 
gram of the chest show^ed a shadow^ of increased density m the right postero- 
lateral lung field This w^as demonstrated to be a vascular tumor by injection 
of radiopaque solution into the basilic vein 

Hepburn and Dauphmee in 1942 reported the third case and the first one 
cured by operation This patient, a female of 23, complained of dyspnoea, 
attacks of dizziness, faintness and thickness of speech, cyanosis and clubbing 
of fingers and toes The red blood cell count was 9,600,000, hemoglobin 140 
per cent, and total blood volume 8,500 cc Oxygen saturation of the arterial 
blood w'as 70 per cent An X-ray film of the chest revealed a shadow in the 
right middle and lower lobes No bruit was heard over this area A right 
total pneumonectomy was done by Shenstone and Janes and a cavernous 
angioma w^as demonstrated in the resected lung There w^as a rapid and com.- 
plete relief of symptoms and signs 
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Goldman in 1943 reported a man of 22 who had had slight cyanosis since 
infancy For seven years there had been increasing cyanosis, dyspnoea and 
frontal headaches and at the time of admission the additional complaints of 
weakness, nausea and vomiting The red blood count was 11,450,000, the 
hemoglobin 137 per cent, oxygen saturation of the arterial blood 70 per cent, 
blood volume 8,170 cc and plasma volume 2,450 cc A dense shadow in the left 
lung field was demonstiated by means of laminagrams and a kymiogram to 
be a solid branching mass with an intrinsic pulsation which was synchronous 
with that of the pulmonary ai tery 

Treatment with roentgen lays, radioactive phosphorous and venesection 
■was ineffective A total pneumonectom}’^ resulted in complete relief of 
symptoms 

Recently Goldman reported that his patient has a brother, 32 years of age 
with the same but less severe clinical picture 

Janes in 1944 reported a man, 30 3fears of age who had coughed up bright 
blood on several occasions ovei a period of tw'o years His lips and fingernails 
were definitely c3'anotic and there were multiple small hemangiomas on the 
lower lip A soft blownng niuimur was heaid m the legion of the right cardio- 
phrenic angle Radiogiaphs of the chest show'ed two shadow’s in the right lung 
and one, or possibly tw'O, m the left Theie w-as no pol3’C3’themia 

The hemangiomas in both lungs w’eie subpleuial and w’eie locally excised 
The right side was operated upon fiist and two separate lesions removed, one 
by individual ligation of the vessels enteung the hemangioma and the other by 
resection between clamps Six months latei the tw’o lesions in the left low’d 
lobe were excised He lecoveied w’lthout incident 

In discussion of a paper by Jones and Thompson (absti acted below’), Janes 
mentioned another case upon w'hom Shenstone and Janes perfoimed a lobec- 
tomy for a hemangioma w ith cyanosis but no pol3’cythemia 

In 1944 Adams et al repotted a man 24 years old complaining of frequent 
nosebleeds and colds for thiee yeais and of a cyanosis and of clubbing of the 
fingers and toes for at least 16 3’eais Examination revealed extreme C3’anosis, 
marked clubbing of fingeis and toes and seveial small hemangiomas of the hp 
and face The red blood count was 7,200,000 the hemoglobin 23 o Gm , the 
hematocrit 82 per cent, the vital capacity 3,800 cc , the total blood volume 
12,750 cc , the plasma volume 2,420 cc and the oxygen saturation of the 
arterial blood 71 per cent Roentgenograms of the chest showed a lobuated 
moderately opaque area measuring 25 sq ems betw’Cen the 7th and 9th rib 
posteriorly m the left lung and a second similar but smallei opacity in the 
right lung 

A left total pneumonectomy w'as done Convalescence was uneventful and 
there w'as rapid restoration of normal blood volume, red blood cell count and 
oxygen saturation of the arterial blood and disappearance of cyanosis and 
other symptoms ” 

Jones in 1944 reported a woman aged 24 3’ears She had been very cyanotic 
since birth and had had increasing clubbing of the fingers since nine years of 
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age Examination revealed in addition to the cyanosis and the clubbing ol 
finger and toes, a loud, lOUgh loanng murmui probably continuous and loud- 
est at the end of inspiration over and just beneath the right breast 

Roentgen studies including planigrams showed an 8 or lo cm rounded area 
of increased density in the right lower lung field with communicating masses 
interpreted as dilated bianches of the pulmonary artery Fluoroscopically the 
whole thing seemed to pulsate The mass at one area appeared calcified The 
red cell count was 7,080,000, hemoglobin 130 per cent, plasma volume normal 
and whole blood volume 170 per cent 



Fig I — 3 X 4 ems ovoid shadow of increased density in the 
lower right lung field at the level of the 9th nb and ii ems from 
the midline In lateral view it was posterior Note two tor- 
tuous linear shadows extending from the mass toward the hilus 
These are no doubt dilated pulmonary vessels 


A right total pneumonectomy w^as followed by immediate disappearance of 
cyanosis and a prompt return of the blood to normal and a cure 

In 1946 Makler and Zion reported a man 20 years of age with a history of 
marked cyanosis, slight dyspnoea and occasional headaches and nosebleeds for 
three years. Examination revealed telangiectasis behind the right ear, cyanosis 
and clubbing of the fingers and toes The red cell count was 7,700,000 and the 
hemoglobin 19 5 Gm Roentgenograms showed four rounded shadows, three 
>n the right lower and mid-lung fields and one in the left mid-lung field The 
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Valsalva experiment was positive and laminagrains showed a worm-like con- 
figuiation of the masses and a continuation of these masses with linear shadows 
from the hilus 

The patient had insufficient incapacity to desire and warrant operation 

CASE BEPORT 

A railroad switchman of 29 was admitted to the Union Pacific Department of Saint 
Joseph’s Hospital, July 17, 1946 He had pneumonia eight years ago and since then 
progressive dyspnoea on exertion, nocturnal asthmatic attacks and a dry cough He had 



Fig 2 — This bronchogram places the shadow in the lower 
lobe and indicates that there is no association to the bronchial 
tree 


been aware of cyanosis of his lips and fingernails for six years During the last three 
years he had several attacks of loss of consciousness which lasted only a few minutes, 
frequent headaches and episodes of blurring of vision, and chronic fatigue For one year 
there had been a dull pain along the right sternal border and for three months he had 
been unable to work on account of fatigue and breathlessness on exertion 

The positive findings in the physical examination were Moderate cyanosis, slight 
clubbing of fingers and toes, multiple small blue hemangiomas of lips, dyspnoea from 
climbing half a flight of steps, a vital capacity of 2,800 cc , a rough contmuous murmur 
over the lesion under the right eighth rib in the posterior axillary line, louder on inspir- 
ation and a blood pressure of 9S/65 m both arms Blood studies revealed a hemoglobin 
of 18 grams, red blood cells, 6,800,000, white blood cells 8,300 with a normal differential 
and a hematocrit of per cent Blood volume and its oxygen volume and tension were 
not determined The electrocardiogram was normal 
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The roentgenologic report was as follows There is a sharply delineated ovoid 
nodular shadow of increased density measuring 3x4 ems , lying well posterior and 1 1 
ems to the right of the midline at the level of the 9th rib in the posterior axillary line 
Bronchograms of both lower lung fields show no evidence of bronchiectatic change and 
no communication between the nodular 


lesion and the bronchial tree (See Figs 
I and II ) A diagnosis of ai lei lovenous 
fistula of tlie right low er lobe w'as made 
Under intratracheal cj'clopropane anes- 
thesia and through the /tli intercostal 
space the right pleuial ca\itj w'as 
opened Tlierc were no pleural adhesions 
and the interlobar fissure w-as w'tll de- 
fined but there was no middle lobe 
Throughout the entire lower lobe there 
was a thrill which disappeared upon 
digital compression of the ^essels to the 
low'er lobe near the lulus and o\er the 
lobe at the point of ma\imum intensity 
of the thrill The low’er lobe was re- 
moved by dissection and individual liga- 
tion technic The upper lobe w'as ex- 
panded and expansion maintained wnth 
constant suction through tw'O air-tight 
catheters Chemotherapy started 24 
hours preoperatively was continued for 
fi\e dajs Blood was not given Oxy- 
gen W'as administered for 24 hours The 
patient made an uneventful convales- 
cence and has remained free of symp- 
toms Examination, two and one half 
months after operation, revealed no cya- 
nosis, a hemoglobin of 13 5 Gm , a red 
blood count of 4,200,000, white blood 
cells 6,800 with normal differential and 
a hematocrit of 53 per cent The vital 
capacity w'as 3,200 cc 

The resected lobe was injected with 
a barium mixture through a cannula in 
the pulmonary artery The mixture re- 
turned freely through the pulmonary 
veins A roentgenogram of the injected 
specunen appears in Figure III 

Dissection of the lobe revealed two 
cavernous hemangiomas measuring 2 x 
4 ems and 
municating 







Fig 3 — Roentgenogram of the excised 
right lower lobe after injection of a thin 
aqueous barium suspension into the pulmomry 
artery through the left upper cannula The 
other two are in pulmonary veins and are filled 
with the suspension as is the distended heman- 
gioma, demonstrating the shunt The incom 
plete filling of ramification of the pulmonary 
artery indicates that passage through the fis- 
tula IS the way of least resistance and the 
course which was followed by most of the 
blood passing through that lobe 


1x2 ems Vessels com- 

vith these spaces were not demonstrated 


CONCLUSIONS 

1 Cavernous hemangioma of the lung is a relatively rare lesion but not 

as rare as the numbeir of reported cases suggests 

2 It is probably a congenital lesion and may exist without symptoms until 
an arteriovenous shunt becomes established 01 of such a size as to cause con- 
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siderable reduction m the oxygen saturation of the arterial blood There is 
then a characteristic syndrome, a demonstrable pulmonary lesion which may 
be demonstrated to have chaiacteristics of a vascular tumor by roentgeno- 
graphic studies and an associated generalized cyanosis with clubbing of the 
fingers and toes In most cases, but not invariably so, there is a compensatory 
polycythemia 

3 Treatment consists of ablation of the vascular fistula Ideally this should 
be accomplished without sacrificing pulmonary tissue as has been done in one 
case Usually this is technically impossible and eradication can be accomplished 
only by means of a lobectomy or pneumonectomy Since there is much hazard 
of a fatal hemorrhage or of thiombotic sequelae from an associated polycy- 
themia, surgical interference is indicated in the absence of incapacity and even 
in the absence of troublesome symptoms if there are no additional factors to 
increase seriously the risk 
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In several previous cojimunications, the absorption^ and hemostatic 
action of gelatin sponge have been presented In a series of 30 experiments 
on dogs, the bleeding from vounds of the liver, kidneys, and spleen was con- 
trolled by the gelatin sponge ^ In another senes of 12 experiments, a lobe of 
the liver v as resected and the hemorrhage controlled by a “blanket” of gelatin 
sponge applied over the resected stump ^ In 36 experiments on dogs, wounds 
u ere made in veins of which 28 were m the vena cava ® The bleeding was 
stopped by a “patch” of gelatin sponge except m two experiments where the 
animals died of uncontrolled hemorrhage at the time of operation and m one 
experiment where there was secondary hemorrhage In a series of 17 experi- 
ments where vounds were made m the aorta of dogs, the bleeding was con- 
trolled by a cuff of gelatin sponge wrapped about the vessel and supported by 
a sheath of chromic catgut ^ These experiments were performed for the most 
part Avithout the addition of thrombin to the gelatin sponge and without any 
supplementary suturing In view of the satisfactory results which were gen- 
erally obtained in these experiments, the possibility of using the gelatin sponge 
by the “patch” technique for wounds of the heart naturally suggested itself 
A preliminary report of this technique has been made ^ 

EXPEREMENT 

The dogs were anesthetized with ether and an intra-tracheal tube inserted 
The anesthesia was maintained during the operation with positive pressure 
Under ordinary aseptic technic the chest was entered through the fifth inter- 
costal space and the heart exposed The lungs were retracted and the peri- 
cardial sac was opened A stay suture was passed through the apex of the 
heart for traction A wound was then made m the right or left ventricle with 
a scalpel (Fig i) and often enlarged vith scissors (Fig 2) to permit a rather 

* Read b3^ title before the Meeting of the American Surgical Association, March 
25-27, 1947, Hot Springs, Virginia 

T This work was aided in part by a grant from the Upjohn Co to the Universit} 
of Chicago 
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profuse spurt of blood with each systole (Fig 3) some instances the wound 
was made large enough to admit the tip of the finger A sheet of dry, com- 
pressed gelatin sponge,* which had been cut to approximately one and one-half 
inches in diameter, was applied over the spurting wound and held in place by 
the operator’s fingers with moderate pressure sjnchromzed with the contrac- 
tions of the heart while traction was made on the suture passed through the 
apex (Fig 4) Pressure was maintained over the patch for thiee to five min- 
utes for wounds of the right ventricle and five to 13 minutes for wounds of the 
left ventricle After this penod of time the “patch” was usually sufficiently 



Fir I — Showing scalpel wound of left ventricle 


adherent to control the hemonhage completely After 20 to 30 minutes the 
‘patch” was usually firmty adheient to the heait and sometimes difficult to 
lemove because of its “fibrin fixation” to the wound (Fig 7) The pericar- 
dium was sutured and the w ound in the chest closed with silk after re-expand- 
mg the lungs with the intratracheal positive pressure and withdrawing any 
lesidual air in the pleural cavity by a cathetei wdnch w'as withdrawm as the 
last suture w'as placed in the w ound 

During the period ot pressure on the patch, the sponge w'as permitted to 
become saturated with blood (Fig 5) It was a rather important point in the 

* The gelatin sponge used in these experiments had been heat sterilized and pack- 
aged in large sealed glass jars by the manufacturer The sponge was provided in the 
form of sheets measuring 3 ^ inches by 4?4 inches by 14 inch When compressed the 
sponge measured about yg inch in thickness The smaller pieces of sponge which had been 
commercially available w'ere found to be entirely inadequate in controlling massive 
hemorrhage such as was produced in these experiments 
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Fig 2 — Showing wound of ventricle being enlarged with 

scissors 



Fig 3 — Showing hemorrhage from wound of left ventricle 
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technic to maintain even pressure on the patch so that when the blood clotted 
in the sponge, the “patch” would become adherent about the wound as a result 
of the liberation of fibrin during the clotting process (Fig 6) If the blood 



Fig 4 — Showing “patch” of dri compressed gelatin sponge applied 
over spurting wound of left lentncle 



Fig S — Showing “patch” of gelatin sponge being held in place 
over wound of left ventricle after it has become saturated with 
blood 


clotted in the sponge before even pressure was obtained, the “patch” would not 
adhere sufficiently to control the hemorrhage completely In several instances 
it was necessary to reinforce the original “patch” or apply a fresh one on the 
w ound This latter was found to be more satisfactorv 
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Another point in technic was to avoid having the “patch” become adherent 
to the gloved fingers while pressure was being maintained The dry com- 
pressed sponge vould stick to the gloved fingers very easily Moistening the 
gloves witli saline solution just before applying the “patch” would usually 
suffice to prevent this In subsequent experiments on the use of the “patch” 
for wounds of the auricles an impiovement in the technic of applying the 
“patch” vas woiked out ® This consisted of using a piece of perforated Cilkloid 
over the “patch” to pi event the sponge from sticking to the gloves The Cilk- 
loid would become adherent to the “patch” if there was any remaining sponge 
which was not soaked by blood By applying a few diops of saline over the 
Cilkloid, it would penetiate the perfoiations and moisten and soften the sponge 



Fig 6 — Showing "patch” of gelatin sponge which has become 
adherent to heart due to the clotting of blood in the sponge and 
completely controlling hemorrhage from wound in heart (left 
ventricle) 

SO that the Cilkloid could be easily removed without danger of dislodging the 
gelatin sponge patch Needless to say the Cilkloid should always be removed 
as there is no evidence that it would become absorbed, and furthermore it is 
possible that its behavior m the tissues would resemble that of cellophane 

RESULTS 

In a senes of 15 experiments, the wound was made in the right ventricle 
in 4 and in the left ventricle m ii The hemorrhage was completely controlled 
by the application of a gelatin sponge “patch” and the animal survived the 
immediate postoperative period In six other experiments, the animal died 
from ventricular fibrillation when the pericardial sac was opened or when the 
wound was made in the heart Novocame solution and electrical stimulation 
were used m an attempt to prevent or arrest ventricular fibrillation These 

977 



JENKINS, OWEN, SENZ AND JAMPOLIS 


Annali of SurRen? 
Pccember, 1947 


measures were, for the most pait, relatively ineffective The most satisfactory 
means of pi eventing fibrillation appeared to be careful handling of the heart 
and especially avoiding torsion Most of the instances of ventricular fibrillation 
occurred in the earlier experiments In addition to these procedures, three 
acute expel iments weie performed without asepsis to work out points in the 
technic of applying the sponge In these experiments the “patch” was applied, 
removed, and fresh “patches” reapplied as many as six times, with complete 
control of hemoirhage m each instance These animals were sacrificed at the 
end of the experiment 



Fig 7 — Showing gelatin sponge firml> adlieient to lieait 30 minutes 
after application of “patch” It is difficult to lemove patch after this length 
of time due to the “fibrin fixation” of the sponge to the heart wound 


In the series ot 15 animals wduch survived the w'ound of the heart to which 
the gelatin sponge “patch” was applied five died between ttvo and 12 days 
from distemper, pneumonia, or empyema One died after thiee days from 
pneumonia but also had an antracardiac thrombosis due to the migration of the 
sponge “patch” into the cardiac chamber In this particular experiment, the 
sponge w'as applied over a very large tvound and it was necessary to place a 
second “patch” over this It w'as the under “patch” wdiich w^orked itself into 
the w'ound and contributed to the intra-cardiac thrombosis Eight of the ani- 
mals w'ere sacrificed on the 4th, iSth, 24th 40th, 68th, 73d, 92nd, and 104th 
day, and one was sacrificed after 6 months 

The heart specimens were photographed (Fig 8), the cardiac chambers 
weie opened, and sections were taken through the wound m the myocardium 
for microscopic studies In twm of the animals, there was a greyish appearance 
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Fig 8 — Showing gross specimen of heart at autopsy 
at varying periods of time after application of gelatin 
sponge "patch” for control of hemorrhage from wound of 
Iieart 

A After four days 



Fig 8B — After nine days 


979 


JENKINS, OWEN, SENZ ANU JAMPOLIS 


AiiiiuIb uf SurKery 

December 1047 


to the pericardial sac suggestive of an early pericarditis although no exudate 
was present This was usually associated with an extensive distemper, pneu- 
monia, or empyema ^ 




blood in the oenraTrl experiments was there any evidence of accumulation of 
from dislodgement of^ryL'li 

be adeanatp nrlHif, i ^ ^ closure of the pericardium appeared to 

adequate additional support to the sponge to prevent subsequent wLng off 
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of the “patch ” There was no evidence of aneurysm formation m the ven- 
tricular wall where the wound was produced in any of the specimens examined 
At autopsy the gelatin sponge “patch” was very fiimly adherent to the 
heart, and usually only lightly adherent to the overlying pericardium There 
was very little evidence of adhesions within the pericardial cavity except where 
the sponge was present As the sponge underwent absorption, the adhesions 
present tended to regress 

From the gross standpoint, the sponge appeared to undergo absorption in 
about two months In the microscopic studies, an early stage of sealing off of 

r 





Fig 8E-— Alter 68 days The gelatin sponge has 
undergone absorption and there is a residual fibrous tissue 
^car overlying wound which was adherent to pericardium 


the wound by the gelatin sponge ‘ patch” and filling of the wound by a blood 
clot was seen Relatively rapid fibroplasia was found to develop, uniting the 
wound and the intact muscle under the cover of the gelatin sponge. After 
several weeks the wound was healed by a well differentiated fibrous tissue scar 
(Fig 9) 

In two instances there was calcification in the healed scar of the myocar- 
dium The gelatin sponge apparently produced relatively little inflammatory 
reaction and it was unusual to see much of a polymorphonuclear invasion in the 
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early stages except in those animals where there was a complicating infection 
There was replacement of the sponge by fibious tissue clue to the invasion of 
the sponge by fibroblasts during the period of healing of the wound 

The rate of absorption of the sponge as determined by microscopic studies 
was found to be somewhat slower than was observed in previous u ork In one 
instance there was evidence of a few remnants of the sponge in a thin fibrous 
scar as late as thiee months, althougli the sponge was usually completeh 
absorbed in about two months 



Fig gA — Showing photomicrograph of heart after 
nine days The gelatin sponge “patch” covers wound in 
which extensive fibroplasia has filled in the defect in the 
myocardium In addition there are areas of calcification 
in the healing wound 


COMMENT 

The control of hemorrhage from a wound of the left ventricle by the use of 
dry, compressed gelatin sponge without the addition of thrombin or supple- 
mentary suturing represents a critical experimental test of the effectiveness of 
this hemostatic agent Furthermore, this study has given additional informa- 
tion on the mode of action of the gelatin sponge 
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It would appear that the sheet of diy, compressed gelatin sponge acts moie 
or less like a tampon which stops the stieam of blood coming out of the wound 
When the sponge is soaked m saline it is so soft and so easily permeated by 
blood that it does not lend itself to controlling a forceful stream of blood such 



Fig qB — S howing photomicrograph of healed wound m left 
ventricle with remnants of gelatin sponge overlying the fibrous scar 
which can be traced through the wall of the ventricle after 40 days 


as one encounters from the left ventricle As the dry sponge is held over the 
wound enough blood escapes through the intercommunicating interstices to 
saturate the sponge When the blood clots in the sponge one has obtained 
essentially a reinforced clot with the sponge architecture offering a framework 
for the clot As the blood clots in the sponge, fibrin is liberated and produces 
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an increasingly strong adherence of this reinforced clot or “sponge clot” to 
the wound provided that even pressure is applied over the sponge during the 
clotting process It is necessary to maintain this pressure until the adherence of 
the “sponge clot” to the wound is sufficiently strong that it will withstand the 
force of the blood from the cardiac chamber This was found to require as long 
as 13 minutes m some of the experiments on the left ventricle although onl) 
three minutes was required m some wounds of the right ventricle 



Fig 9C — Showing photomicrograph of heart 68 days after 
application of gelatin sponge “patch” to wound There is a residual 
fibrous plaque replacing the gelatin sponge and covering the fibrous 
scar in the myocardium 


In view of the fact that thrombin was not used with the gelatin sponge in 
these experiments it would suggest that the clotting was brought about by a 
combination of factors The stopping of the stream of blood from the heart 
wound by the tampon effect of the dry sponge is one important factor In sev- 
eral instances where relatively small wounds were made, especially in the right 
ventncle it was possible to remove the gelatin sponge “patch” after about lo 
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process, the gelatin sponge underwent absorption with nominal tissue reaction 
It IS very impoitant to emphasize that the successful use of the gelatin 
sponge revolves about attention to the details in the technic of applying the 
sponge This may come only from actual experience in handling this material 



Fig 9E — Same as 9C showing higher magnification of fibrous 
plaque overlying wound m which a few spicules of gelatin sponge 
can still be detected These remnants are undergoing the terminal 
phase of absorption by the action of the adjacent macrophages 

In addition, an understanding of the mode of action of the sponge m obtaining 
hemostasis aids in working out the technique which may be applicable to any 
particular problem of hemostasis 

In view of the results obtained in this experimental study, it would suggest 
that the gelatin sponge may have a place in the surgical treatment of penetrat- 
ing wounds of the heart 

Since the first successful suture of a wound of the heart by Rehn m 1896® 
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there have been many advances in surgery of the heart The principal contri- 
butions to the treatment of ^^ounds of the heart have been made by Elkin,® 
Bigger,^® Beck,^^ Singleton/^ Griswold and Maguire/^ and Linder and Hodo 
With improvement m operative technic and asepsis, and with attention to 
administration of intravenous fluids preoperatively as advocated by Cooper and 
co-workers^" it has been possible to obtain increasingly satisfactory results 
from suture of wounds of the heart. This is demonstrated by the most recent 
senes of cases leported by Elkin where a mortality rate of 22 per cent was 
obtained 

Blalock and Ravitch^® have drawn attention to the desirability of conserva- 
tive management of selected cases of wounds of the heart by resorting to aspir- 
ation of the pericardial sac to relieve the cardiac tamponade In the presence 
of continued bleeding into the plemal cavity or through the chest wound or if 
evidence of cardiac tamponade recurs after aspirations they feel that immediate 
cardiorrhaphy should of course be performed 

Although n e have presented a non-suture experimental method of dealing 
with wounds of the heart, m the clinical application of this experimental study 
we are not prepared to suggest that the gelatin sponge should be used to 
replace suture 

One of the mam problems m the handling of stab or bullet wounds of the 
heart in patients is the massive hemorrhage which one may encounter as one 
opens the pericardial sac The gelatin sponge may provide a means of 
obtaining immediate control of hemorrhage from a wound of the heart and at 
least momentarily preventing further loss of blood It is thoroughly possible 
that with the hemorrhage controlled in this fashion, one could then very gently 
peel back the sponge and insert sutures m a relatively dry field Or' the sutures 
may be placed m the wound and tied over the patch of sponge covering 
the wound 

Another point which suggests itself is that the gelatin sponge may provide 
a secondary line of defense after sutures have been placed m the wound and 
thus serve as an additional safeguard against leakage from the suture line 
This may make it possible to place fewer sutures and to tie them with less 
tension, thus lessening the danger of ischemia of the cardiac muscle or of 
initiating a stimulus which may precipitate ventricular fibrillation 

Finally, m relatively small wounds, or m wounds which are adjacent to 
coronary vessels, it is possible that the gelatin sponge “patch” alone may 
suffice The clinical evaluations of this experimental method must be made by 
those who have had the widest experience m the treatment of penetrating 
wounds of the heart It has come to our attention that the gelatin sponge has 
been used m two instances as a supplement to suture of a wound of the heart 
In one of these cases it was especially useful in controlling bleeding where the 
stay suture had been placed for traction 

Furthermore, it is hoped that some modification of this gelatin sponge 
patch method ma)'- be helpful in controlling hemorrhage m other types of 
cardiac surgery, such as for valvular stenosis or foreign bodies 
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STOGVIABT 

In a series of 15 experiments on dogs, it has been possible to control 
hemorrhage from relatively large wounds of the right or left ventricle with a 
“patch” of gelatin sponge witliout any supplementary suture or the use of 
thrombin in the sponge 

The fundamental principles involved in the control of hemorrhage by the 
gelatin sponge “patch” is essentially as follows When the dry compressed 
gelatin sponge is applied over the spurting wound it acts first of all as a tampon 
to slow down and stop the massive flow of blood through the wound As the 
sponge becomes saturated with blood, clotting occurs in the sponge, thus form- 
ing a “reinforced clot ” During the clotting process fibrin is liberated, which 
permits this reinforced clot or “sponge-clot” to adhere to the heart In appl} - 
ing the “patch,” it is therefore necessary to allow the sponge to become soaked 
with blood and then to maintain firm even pressure over the sponge until 
sufficient fibrin is liberated to produce the adhesive effect which is so essential 
to the control of the bleeding Healing progresses under the protective cover 
of the sponge while the sponge gives support to the wound during this healing 
phase The sponge ultimately undergoes absorption 

CONCLUSION 

In view of these experimental observations, it would appear that the gelatin 
sponge may have a place in the treatment of wounds of the heart to control the 
immediate hemorrhage, as a supplement to suture, or possibly as an alternate 
to suture under special circumstances such as proximity of the wound to a 
coronary vessel 
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ANNOUNCEMENT 

UROLOGY AWARD 

The American Urological Association offers an annual award of 
$1,000 00 (first prize of $500 00, second prize $300 00 and third prize $200 00) 
for essays on the result of some clinical or laborator}' research in Urology 
Competition shall be limited to urologists who have been m such specific prac- 
tice for not more than five years and to residents in urology in recognized 
hospitals 

The first prize essay will appear on the program of the forthcoming meeting 
of the American Urological Association, to be held at the Hotel Statler, Boston, 
Massachusetts, May 17-20, 1948 

For full particulars write the Secretar}--, Dr Thomas D Moore, 899 jMad- 
ison Avenue, Memphis Tennessee Essays must be in his hands before 
March i, 1948 
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FAMILIAL HEMOLYTIC ANEMIA AND ITS SURGICAL ASPECT 
WITH SPECIAL REFERENCE TO A CASE COMPLI- 
CATED BY THE Rli FACTOR* 

Daemon B Pfeiffer, M D , J Walter Levenng, M D , Abmgton, Pa , 

Abixctoit, Pa 

AND 

Capt Harle B Grover, M C , 

FonT Lewis, Washinotox 

PROM THE PFEIFFER SURGICAL CLINIC OF THE ABINCTON MEMORIAL HOSPITAL 

The occurrence of a case or familial hemolyiic anemia in the 
Pfeiffer Surgical Clinic of the Abmgton Memorial Hospital, which was com- 
plicated by the Rh factor and presented certain other interesting factors, 
prompted the authors to report the case and review the literature 

Familial hemolytic anemia, known for years as congenital hemolytic jaun- 
dice, may appear m the infantile form striking at birth, or be latent appearing 
anywhere from birth to the fifth decade, but less frequently after the third It 
IS believed to be a Mendelian dominant, but there is no regularity in its trans- 
mission nor severity 

Table I 

THE PENHALLOW FAMIL\ 

Grandfather + 


Father + 

Aunt + 

1 


1 

(Fathers sister) 
1 

Daughter + 

1 

Son + 

1 


1 

Daughter — 

Daughter4- 

j 

(Rh negative) 

Twins 


Son+ Daughter — 

♦ -t-vi,.tims of disease 

It IS interesting to note that the Rh factor is dominant and follows the 
Mendelian law of inheritance ® However, checking the Rh factor of this 
family showed that only one daughter was negative 

The acute exacerbations of this disease, we believe, are the result of some 
activation, possibly some antigen agglutinin or other allergic reaction Once 
the activity begins it is apt to continue until the site of the increased hemolytic 
activity IS removed 

* Read by title before the Meeting of the American Surgical Association, March 
25, 26 and 27, 1947, Hot Springs, Virginia 
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SYMPTOMATOLOGY 

The symptoms of the disease are varied, but at no time appear to be very 
severe except during a ciisis, and the patients are therefore rarely incapaci- 
tated , although they may be running a markedly elevated temperature, and be 
quite icteric, so much so that Chauflfard remarked that the patients are “more 
jaundiced than sick ” The jaundice varies m degree, but usually mild — being 
3’'ellow or frequently sallow, rather than brown or green Pruritus and brady- 
cardia, so fiequently a concomitant finding in jaundice, are not present 

The patients as a rule aie subject to moderate weakness, malaise, and 
headaches Dining a hemolytic crisis, which is an exacerbation of increased 
hemolytic activity, all the symptoms are increased, particularly the fever which 
may reach 105° 01 106° without showing any marked effect on the patient’s 
general well being , although m our experience gastro-mtestmal symptoms, 1 e , 
nausea, abdominal pain, and diarrhea, are usually present 

The crises of hemolytic jaundice ma)^ be classified by various prominent 
features Grip walP classes them as (i) thermic, (2) abdominal, (3) essential 
blood crises Thermic crises, apart from other aspects of the disease, are not 
clear Abdominal crises apparently are associated with changes in liver func- 
tion and structure, and not necessarily with increased blood destruction The 
essential blood crises are what we commonly associate with acute crises of 
congenital hemolytic jaundice, and are of the hemoclastic type producing severe, 
even fatal anemia The nature and relationships of the above three types cannot 
be definitely established as yet 

The spleen which is enlarged in nearly every active case and usually 
extends to the level of the umbilicus or below, may enlarge considerably during 
crises accompanied by moi e or less severe upper left quadrant pain due both to 
the stretching of the capsule and to occasional infarcts 

The liver may also be enlarged and during a crisis may likewise be quite 
tender Liver crises according to Lewis^ “may be precipitated by the passage of 
thickened bile through the ducts ” Gastro-mtestmal symptoms, as a whole, are 
common, but being referable particularly to the gallbladder Hepatitis, chole- 
cystitis, and cholelithiasis are common and give symptoms characteristic of 
these disorders 

Unexplained obdurate ulcers of the foot and ankle have been frequently 
observed Osseous changes, such as thickened and enlarged parietal and frontal 
bones and mottling of the marrow spaces, also occur not infrequently (Turm- 
schadel) 

LABORATORY STUDIES 

Blood studies are quite pathognomonic of the disease The anemia which 
is microspherocytic in form may vary from three or four million to one million 
during a crisis The color index and mean corpuscular hemoglobin are usually 
high The mean corpuscular volume may be increased despite small mean 
corpuscular diameter Anisocytosis is quite frequent and microspherocytosis 
IS the conspicuous feature Poikelocytosis may also be present Reticulated red 
cells vary with the need of increased blood production and ma} vary from 2 
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to 6o per cent Nucleated red cells are usually constant, showing evidence of 
cell regeneration Usually the increased fragility of the red cells to the hemo- 
lytic action of hypotonic salt solution is characteristic, but it may be normal or 
even lessened if the reticulocyte count is elevated The white cell response is 
not characteristic, but most frequently there is a leukocytosis with a polymor- 
phonuclear increase The platelets are usually normal 

The plasma volume is usually decreased, therefore the quite frequent 
dehydrated appearance of these patients 

The blood chemistry is not usuall}'^ markedly altered The serum bilirubin 
is moderately elevated, and theie is an immediate indirect Van den Berg reac- 
tion In mild cases it averages 1-4 mg /roo cc , and in more severe cases 
10-20 mg /loo cc Hemoglobinemia has been detected in severe hemolysis 
Blood cholesteiol may 01 may not be elevated, though fat metabolism is usually 
normal as is protein metabolism Iron elimination, however, is considerably 
increased 

Urine is usualU dark, but contains no bile (acholuric jaundice) except 
during liver crises Urobilin and urobilinogen are constantly present 

Pathology of the recticulo-endothehal system is quite characteristic, par- 
ticularly that of the spleen which, accoiding to Thompson, is constant and 
diagnostic of familial or spherocytic jaundice It is usually large weighing 
between one and two kilograms The weight in our Rh negative case was 2 9 
kilograms This, we believe, to be the heaviest spleen repoi ted for this disease 
The capsule is usually somewhat thickened, but adhesions are rare except over 
infarcted areas The cut surface is dark red and convex, bulging above the 
capsule The framework of the spleen is not maintained, and malpighian bodies 
are not seen grossly, but on microscopic examination are small and normal in 
number in propoition to the splenic size The pulp is characteristically engorged 
by red cells so that the pulp cells are scant, and there is no noticeable increase 
in connective tissue fiamew'ork 

The venous sinuses are markedly dilated and lined by two or three layers 
of large endothelial cells Although there is no general increase in iron pig- 
ment, iron incrustation within the trabeculae is not infrequent and siderofibrotic 
nodules are occasionally seen There is no definite evidence of phagocytosis 
Other tissues of reticulo-endothehal composition show evidence of pigment 
deposition The bone marrow is red and hyperplastic with numerous normo- 
blasts and myelocytes Ectopic myeloid tissue is sometimes encountered along 
the vertebral bodies The liver is occasionally cirrhotic probably due to liver 
damage brought about through previous episodes of marked anemia and 
anoxemia 

PATHOGENESIS 

The pathogenesis of this disease is still a much discussed topic, and there- 
fore the various theories will only be alluded to briefly The fundamental fault 
is increased blood destruction either through exaggerated normal processes of 
blood destruction or through ivholly abnormal processes The normal process 
in the spleen is fundamentally fragmentation supplemented by the action of 
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certain cells m the spleen and other parts of the body in further breaking down 
corpuscular fragments ^ However, erythrophagocytosis and hemolysis have 
never been demonstrated in the normal process Therefore, in abnormal blood 
destruction several possibilities appear The cells may be more fragile than 
normal, the blood seium may contain destructive agents, or erythrophagocy- 
tosis may be present ^ 

Thompson believes that increased fragility is the only deviation from 
normal necessary to produce the disease, and that spherocytes are formed by 
abnormal eiyThropoiesis Dameshek and Schwartz, however, show evidence 
that the microspherocytosis is just one of the steps in the process of hemolysis 
The}’’ also bring forth the argument that microblasts and reticulated microcytes 
are infrequently found m the peripheral blood and bone marrow m this dis- 
ease Overproduction of hemolysins or underproduction of anti-hemolysms, 
both of which are found m balance in normal serum, may result in free hemo- 
lysin In other abnormal blood states, auto-agglutinins, auto-hemolysms, iso- 
hemolysins have been found, and it is conceivable these may be the cause of 
the hemolysis in this disease 

Dameshek and Miller believe that hemolysis is an active process due to 
red cell injurji^ by a variety of agents, such as, pure hemolysins, complex hemo- 
lysins, or agglutinins Spherocytosis, as seen in this disease, indicated incom- 
plete hemolysis by means of the activify of some hemolytic agent, but which 
may not be readily identified This spherocyte then, they state, may become 
completely hemolj^zed by erythrostasis which therefore is only of secondary 
importance to the primary action of the hemolysin 

The part that the spleen plays in this disease has always been of some 
debate Is it primarily the site of the abnormal blood destruction, or is it only 
an accessory to an otherwise stimulated hyperfunction elsewhere? Dameshek 
and Miller feel that the spleen is more than simply an organ of stasis, but may 
have an active hemolytic function as well, particularly in acquired hemolytic 
anemia We must not lose sight of the fact that it does take an active part in 
the normal process of blood destruction, that in familial hemolytic jaundice it 
undergoes marked hyperplasia as well as hypertrophy, and that improvement 
follows splenectomy in the typical familial case 

THERAPY 

The treatment of the disease is not an emergency for, as it has been noted, 
the symptoms of the disease are not distressing except in crises The duration 
of life is not shortened nor are the patients incapacitated, except during crises, 
or because of a large abdominal tumor, although the latter usually in itself is 
not troublesome except from the cosmetic standpoint The studies of this 
family, as well as other family groups made in the Abmgton Memorial Hos- 
pital,^ suggest that perhaps n e should be bolder in advising surgical treatment 
with a view of preventing crises 

It has long been thought that transfusions nere of great benefit in hemo- 
lytic anemias, particularly in sickle cell and Lederer’s acute secondary hemo- 

993 



PFEIFFER, LEVERING AND GROVER 


\nnals of Surgenr 
December 1847 


lytic anemia They have been used for a long time as one ot the most impor- 
tant parts of the therapy of congenital hemolytic icterus, but many clinicians 
advise against their use m this disease as they may be the trigger mechanism 
m setting off an acute crisis, and may even prove fatal if given during a crisis 
Farr has reported such a case m which the clinical condition was aggravated 
by transfusion — showing moderate liver degeneration w'lth recovery following 
splenectomy This suggests that an acute liver failure is one of the pathogenic 
mechanisms of the clinical crises observed in the hemol3’'tic anemia Lowe"* 
has demonstrated quite accurately that during a crisis, a form of acute hepatitis 
frequently occurs w'lth diminished liver function, as demonstrated by liver 
function tests and pigment conversion and excretion In one such episode, the 
patient was transfused and appeared to improve, but in another attack no trans- 
fusion w'as given and improvement was just as dramatic and rapid 


Table II 


B P Rb negative patient 2/4/46 
Coag time min 
Bleeding time 2J^ min 
Platelets 328 000 
Fragility hemoly sis begins 

0 46% completed 0 32% NaCI 
Hemoglobin IS 5 Gm 102% 

Red count 4 970 000 
Wbite count 9 000 
Polys 60 
Lymphs 37 
Monocytes, 3 
Prothrombin 65% 

Icterus index 6 
Van den Bergh direct delayed 
indirect 0 6 
D H sister 2/4/46 

Coag time 6 min 
Bleeding time 1 min 
Platelets 409 000 
Fragility hemolysis begins 
0 44% completed 0 32% NaCI 
Hemoglobin 100% 

Red count S 100 000 


WTiite count 7,400 000 
Poljs 66 
Lymphs 30 
Monocytes 4 
Prothrombin, 80% 

Icterus index 5 
Van den Bergh direct delayed 
indirect 0 S 
C P father 2/4/46 

Coag time S mm 
Bleeding time 1>5 min 
Platelets 307 000 
Fragility hemolysis begins, 

0 44% completed 0 32% NaCI 
Hemoglobin 14 2 Gm 92% 

Red count, 4 620 000 
White count 8 400 
Polys, 63 
Lymphs 35 
Monocytes 2 
Prothrombin 60% 

Icterus index 6 
Van den Bergh direct delayed 
indirect 0 6 


It may then be stated that transfusing during a hemolytic crisis shows a 
preliminary decrease in blood destruction, but follow^ed by a definite increase, 
and therefore an increase in clinical symptoms The spleen and liver become 
large and more tender, and pigment production increases markedly Bone mar- 
row function is likewise suppressed, as evidenced by a drop in red cells, 
nucleated red cells, hemoglobin and reticulocytes^ These findings are sub- 
stantiated by like findings in our series 

The only effective treatment is splenectomy which is usually followed by 
the disappearance of all symptoms It has been stated that the signs of the 
disease, spherocytosis and increased fragility, persist indefinitely after splenec- 
tomy However, the serum bilirubin and urobilin excretion becomes normal 
and the anemia definitely improves The follow-up blood studies on three of 
the members of this family, taken a year or more after operation, are shown 
m Table II 
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These essentially nonnal findings, along with blood studies made on nine 
other patients fiom one to three years after splenectomy for this disease, lead 
us to take exception to the above statement that severe spherocytosis and 
increased fi agility peisist indefinitely after splenectomy 

Operation is usually conti amdicated during an acute hemolytic crisis, but 
may be undertaken m the couise of an unusually prolonged or severe exacer- 
bation of hemolytic activity, if the diagnosis is accurate Our opeiative mor- 
tality for splenectom}^ in this disease during the past five yeais m the Pfeiffer 
Surgical Clinic for 21 cases has been zero 

During an acute attack, plasma infusions are the only foim of approved 
therapy, blood being conti amdicated in many cases due to the presence of 
agglutinin — agglutinogen 1 eactions Operative pi ocedures dui mg these attacks 
should only be attempted if other complications arise such as uncontrollable 
hemorrhage or dangerously progressive hemolysis 

CASE REPORT 

B P, a 21-3'ear-oId white female, presented herself for admission to the Abington 
Memorial Hospital on November 14, 1944 with the chief complaints of abdominal mass, 
malaise, occasional nausea, and chills and fever 

Htsfory of Piescitf Illness Patient has had an enlarged abdominal tumor, presumably 
spleen, since birth, at which time she was quite jaundiced Patient experiences no pain 
or discomfort from the abdominal tumor except for small food capacity She has episodes 
about tivo months apart of severe jaundice with malaise and vomiting productive of sour 
bile tinged material Her skin has always been a trifle icteric 

Systeimc Review Gastro-intestinal — Avoidance of fatty foods, but no actual qualita- 
tive dyspepsia Good appetite but small capacity 

Genito-urmary — Menses have always been irregular with quite severe dysmenorrhea 
No urinary symptoms 

Cardio-respiratory — ^Dyspnea on exertion Frequent colds 
Neuromuscular — Negative 

Past Medical History Except for the usual childhood diseases, the past history was 
negative except for one rather significant fact, le, m her early teens she had a sinus 
drainage at which time she received her first transfusion and suffered a rather severe 
reaction with chills and fever 

Family History Father and paternal grandfather have splenomegaly with exacerba- 
tions of jaundice accompanied by abdominal pain Father s sister and two of her four 
children are similarly affected Patient’s sister has mild splenomegaly Family on mother’s 
side gives no history of the disease 

Physical Evamniation T— 100, P—84, R— 20 on admission 
Examination revealed nothing of note other than that of the skin and abdomen 
The skin was of a distinct icteric sallow appearance The right ankle presented on the 
external malleolus, a chronic ulcer of four years duration which was about 6 x 6 cm , 
mildly tender at the periphery, and at times spontaneously productive of pain 

The liver edge extended approximately three fingers below the right costal margin 
The left abdomen from the costal margin and the lateral border of the erector spinae 
down to the iliac crest was completely filled -with a large firm mass which crossed the 
mid-line into the right abdominal fossa at the level of the iliac crest, moving freely on 
respiration, and which was tender only on firm pressure 

Clinical Impressions The history of long standing jaundice, the splenomegalj and 
hepatomegaly, the exacerbations of jaundice associated with severe abdominal pain, 
nausea, and chills and fever, and the apparent high familial incidence of jaundice, and the 
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iplenomegaly on her father*s side, led us to make the tentative diagnosis of acute familial 
hemolytic icterus 

Clinical Progress While in Hospital Nov 14 — Admitted with red cell count of 
2,690,000 , hemoglobin of 6 9 Gm 44 per cent 
Blood type A, not typed for the Rh factor 

Nov 16 — 500 cc of compatible blood Not crossed for Rh factor 
Nov 17 — Menstrual period started with moderate dysmenorrhea 
Temperature spiked to 103° and was suggestive of transfusion reaction Typed for 
Rh and found to be Rh negative, a fact that should have been suspected from the historj 
of having had a severe reaction following a transfusion in childhood 
Hemoglobin was 38 Gm 24 per cent, and red cell count, 1,670,000 
Icterus index 24, Van den Bergh indirect 25, direct delajed 
Fragility hemolysis begins 0 80 per cent completed o 50 per cent 
Nov 19 — Patient was assumed to be m an acute hemolytic crisis She complained 
of some nausea and abdominal pain with chills and fever ranging between 99“ and 103 ° 
RBC of 1,510,000, hgb 29 Gm 19 per cent 
500 cc of plasma given 

Nov 21 — ^Temperature still spiking Urine urobilinogen qualitatively and quanti- 
tatively positive, I 50 dilution 500 cc plasma given It was decided to give patient test 
of blood , 100 cc of compatible whole blood Rh negative type 0 was started intravenously 
Only 50 cc given because of marked reaction with chills and fever to 103° F Van den 
Bergh taken before blood was given revealed delayed direct and indirect of 2 mg Test 
taken three hours after 50 cc whole blood, revealed delayed direct and indirect of 3 mg 
This I mg rise was sufficient to indicate increased hemolysis 

Nov 22, — 500 cc plasma given Hbg 36 Gm 23 per cent, RBC 1,460,000 Reticu- 
locyte count 3 4 per cent Prothrombin 60 per cent 

Nov 31 — Temperature subnormal last four days Now ranging between 98“ and 
100“ F 

Dec I — Splenectomy 

Operative Report On December r, 1944, under general anesthesia, the patient ^vas 
operated upon by Dr J Walter Levering A left pararectus muscle displacement incision 
was made, displacing the rectus muscle medially The peritoneal cavity was opened and 
the spleen, approximately 15 inches m length came into view immediately beneath the 
peritoneum Its surface was smooth, glistening and of a greyish hue The intestines 
were then packed out of the way, and the hilus of the spleen identified Because of the 
size of the spleen it was impossible to turn it medially , although there were no dense 
adhesions A large rubber intestinal clamp was then placed about what was believed to 
be the primary spleen pedicle The pedicle was then clamped by means of several Kelly 
clamps adjacent to the splenic tissue and distal to the rubber intestinal clamp It was 
then divided between the Kellys Dissection thus far had been comparatively bloodless, 
however, at this time on attempting to mobilize the spleen more fully and to identify the 
remaining vessels, an extremely large vein was unavoidably torn The presence of the 
intestinal clamp, however, prevented retraction, and the bleeding vein was immediately 
visualized and clamped The spleen was then delivered from the abdominal cavity m toto 
Further examination of the abdominal cavity at the site of removal revealed two small 
marble-like accessory spleens, these were removed It is interesting to note three other 
gland-hke structures adjacent to the large vessels were ligated at their pedicles along 
with the clamped pedicle of the primary spleen Examination of the diaphragm and 
splenic site revealed a smooth peritoneal surface which was completely free of any 
bleeding 

The gallbladder was then examined and found to be approximately four inches in 
length, the fundus blue and slightly distended However, the neck and the proximal 2/3 
were opaque and yellow A large stone was palpable at the neck of the gallbladder It 
was felt, however, inadvisable to attempt further surgerv at this time The ahdnmmal 
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cavity was closed m layers without drainage The sponge and pack count were correct 
Clips were used to close the skin A large compression bandage and scultetus binders 
were placed on the abdomen to attempt to restore preoperative intra-abdominal tension 
Pathologic Reports Specimen consists of a tremendously enlarged spleen measuring 
30 X 16 X 9 cm and weighing 2,950 Gm The surface is smooth and a dull slate grey 
color On section considerable blood oozes from the surface which is dark brownish red 
homogeneous color Scattered within the substance are numerous pinhead sized glistemng 
opaque white nodules On a number of transverse sections nothing further is found which 
differs from the description of the cut 


surface 

Microscopic The splenic pulp is tre- 
mendously engorged, and the sinusoids are 
dilated and filled with red cells and hemosid- 
erin There is surprisingly little fibrosis 
The malpighian follicles are large and have 
prominent central secondary follicles There 
IS no evidence of neoplasm or inflammation 
(Fig I) 

Report of Gland-Like Accessory Struc- 
tures Gross The specimens consist of two 
smooth-walled bluish red nodules measuring 
12 X 9 X 7 mm and 10 x 8 x 8 mm respec- 
tively The former nodule has rather a 
homogeneous nature and is more suggestive 
of lymphoid tissue than splenic The other 
nodule on section shows a homogeneous dark 
red substance with a few tiny opaque pin- 
head sized nodules throughout This nodule 
is more suggestive of accessory splenic tis- 
sue One must conclude from the above 
report that it is difficult to differentiate at 
operation between an enlarged lymph node 
and an accessory spleen 

Microscopic Section shows one nodule 
to be lymph node, showing a little hyper- 
plasia and the other a small nodule of ac- 
cessory splenic tissue 

Post-Opeiative Course Pre-op — ^RBC ; 
Post-op Immediately RBC 3 , 320 , 000 , hi 
It was felt that this great rise in red 





Fig I — Spleen of B P RH nega- 
tive case Weight 2,950 Gm 

!, 620 , 000 , hbg 7 1 Gm 46 per cent 

>g 9 5 Gm 60 per cent 

cell count and m hemoglobin was due to 


hemoconcentration 


Dec 2 — ^Temperature began to rise last night reaching 102® at 9 30 pm RBC 3,- 
260,000, hbg 9 5 Gm 61 per cent 500 cc plasma and intravenous fluids given dailv 
Patient placed in oxygen tent 

Dec 3 — Temperature reached 1036° at 4 pm and rapidly fell towards normal 
Dec 4 to Dec 7 — Patient has run slightly elevated temperature and has experienced 
some chest paim X-ray revealed a left plural effusion, but no lung pathology RBC aver- 
aged about 2,780,000 Hbg averaged about 7 8 Gm 50 per cent 

Dec II — Patient was progressing very well, had no transfusions of whole blood but 
receiving onlj^ plasma and infusions Hoping that w'e might establish an allergic reaction 
intradermal injection of Rh+ blood (citrated) w^as tried, but it gave no sensitivitj 
reaction Controls run wuth Rh — blood and wuth citrate in normal saline 

Dec 23 — Patient discharged from hospital feeling quite w'ell but still running 
slightly elevated temperature 
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RBC 2,860,000, hbg 6 6 Gm 43 per cent Reticulocytes o 2 per cent 
As an outpatient, patient appeared for tri-monthly laboratory studies check-up Seemed 
to gam strength and weight 

On May 13, 1946, patient returned to the hospital with symptoms suggesting an 
attack of acute appendicitis The following day cholecystectomy and appendectomy was 
done by Doctor Levering A distended gallbladder with a stone in the cystic duct was 
removed, as was an acute catarrhal appendix Thorough search failed to show any acces- 
sory spleen Patient made an uneventful recovery, and was discharged two weeks after 
admission 

Follow-up studies gave evidence of continued marked improvement following splenec- 
tomy When last seen in February 1947, she was actively working as a waitress She 
was very healthy, and even the ulcer on her right ankle that she had had for four years 
previous to the splenectomy had completelj disappeared Her last blood study, as noted 
on Chart I, was entirely normal 

BRIEF RECORD OF SISTER AND FATHER OPERATED UPON 
DURING THE SAME PERIOD 

Sister March 5, 1945, D H , 25-year-old white female, admitted to hospital with 
the chief complaint of large abdominal tumor of 20-23 years duration and occasional 
attacks of abdominal pain and jaundice Patient is now three and one-half months pregnant 
Past Medical History Scarlet fever, tonsillectomy, adenoidectomy, and mastoidectomy 
as a child Appendectomy performed five years ago, one week after which patient devel- 
oped jaundice Patient has had one child followed by puerperal convulsion 
Family Histoiy This case is the sister of B P, Rh negative 
Physical Evamination Spleen palpable in left upper quadrant and extending down to 
level of umbilicus Uterus palpable two fingers above symphysis pubis Other findings 
negative 

Laboratory Data Patient presented an anemia of 2,100,000 RBCs and 8 Gm or 
52 per cent hemoglobin Fragility hemolysis begins 0 50 per cent completed 0 36 per 
cent NaCl Reticulocyte count was 70 per cent on admission, but rapidly was reduced 
postoperatively to 0 4 per cent 13 days post-operative Indirect Van den Bergh was 2 8 
mg on admission but dropped to less than o 4 mg before discharge Blood indices on 
admission were Volume per cent 28 Mean Corp Vol loi Mean Corp Hemoglobin 
326 Mean Corpuscular hemoglobin concentration 314 Volume index i 15, Color index 
I 10 Saturation index o 89 On day of discharge, March 21, 1945, the patient’s hemo- 
globin was 1 1 8 Gm or 77 per cent, and reticulocytes o 4 per cent 
Friedman test on admission was positive 

Operative Repot t Opeiation performed on March 7, 1945, by Doctor Levering, 
revealed a moderately enlarged spleen and liver, and a markedly diseased gallbladder 
containing numerous stones A routine splenectomy and cholecystectomy was performed 
and patient’s convalescence was uneventful Patient discharged March 21, 1945 

Pathologic Report Gallbladder showed infiltration by bile pigment and presented 
metabolic cholelithiasis 

Spleen showed a picture of congenital hemolytic icterus and weighed 473 Gm 
The patient’s follow-up was uneventful and she delivered a normal child at term 
The last follow-up blood count is shown on Chart I 

Father On February 4, 1945, C P , male, 45, white, the father of the two pre- 
ceding cases, was operated upon in the Jewish Hospital, Philadelphia 

Laboratory Findings Platelets 253,820 RBC fragility began o 5 per cent completed 

0 3 per cent Blood sugar 93 mg Blood urea nitrogen 18 mg Blood count hemoglobin 
145, RBC 5,180,000, WBC 10,900, neutrophiles 67 per cent, lymphs 29 per cent, eds 

1 per cent, monos 2 per cent, i per cent bas 

Operative Report The patient operated upon under fractional spinal anesthesia The 
spleen was removed, and weighed 515 Gm He had an uneventful recovery and his follow- 
up blood studies, taken about a year later, are shown on Chart II 
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Chart I — Continued 

SUMMARY OF SIGNIFICANT LABORATORY DATA 
Admission Case B P R H 

, 12/1/44 ^ 

Normals 11/14/44 11/18/44 11/24/44 11/27/44 Pre op Post op 12/4/44 12/21/44 1/12/45 3/19/45 
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SUMMARY 

A leview of the symptomatolog}', the laboratory findings, the pathogenesis, 
and the therapy foi familial hemolytic anemia is discussed An unusual case 
of the disease, which was complicated by the Rh factor, is presented m detail 
Two othei cases in the same family are presented in brief The follo^^ -up blood 
studies showing noimal figuies are presented 

CONCLUSION 

The Rh negative case report is of interest because of the complication 
which aiose from blood tiansfusion 

The giving of plasma lather than whole blood not only in this case, but in 
other cases is lecommended Plasma infusions will supply the much needed 
electrolytes, and will elevate the low blood plasma which is piesent in these 
cases without the danger of increasing hemolysis 

The tiemendous size of the spleen, 2950 Gm , of the Rh negative case is 
of interest The 1 ecommendation of splenectomy, not only as a beneficial 
therapy, but also as a curative measure, is recommended 

The follow-up blood studies m our senes suggest that splenectomy is not 
only beneficial in leheving symptoms, but is also cuiative in these cases of 
familial hemolytic anemia 
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ON THE SPECIFIC ROLE OF THE LIVER 
IN HEMORRHAGIC SHOCK*! 
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and_Howard a Frank, M D 
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The central disturbance m traumatic shock, regardless of the nature of 
the etiologic agent, is a rapid and progressive decline in the velocity of blood 
flow and a progressive trapping of blood^’ ^ throughout the general capillary 
bed with a resulting venous anoxemia and a concomitant widespread tissue 
anoxia As shock continues, the time arrives when all known therapeutic 
measures produce no more than a transient, if any, favorable response When 
this state of “irreversibility” arrives, the adverse effects of persistent and 
increasing tissue anoxia become rapidly cumulative with resulting early death 

This statement of the situation is not intended to ignore other factors 
which, if present, may contribute to the disorganization of the body economy 
such as gloss distortions in fluid and electrolyte balance and damage to specific 
organs or tissues by specific shock-inducing agents These are complications 
that may modify but do not basically affect the primary characteristics of the 
shock phenomenon 

The tissues which are of vital importance to the co-ordinated activity of 
bodily processes essential to survival for even a brief interval (minutes to 
hours) are the central nervous system, the heart, the lungs, and the liver Total 
failure of every other organ or tissue except these, m the present state of 
knowledge, would still permit integrated function consistent with survival 
over a period of many hours to days The solution of the problem of such a 
rapidly lethal phenomenon as the irreversible shock state represents might be 
approached by considering the disturbances in these vital organs 

1 THE CENTRAL NERVOUS SYSTEM 

The vasomotor system has been shown b}' the earliest workers m the field 
to be intact until the prelethal phase of shock (The loss of vasomotion in 
advanced shock, demonstrated by Chambers and his collaborators,® is explained 
on a humoral basis ) Swingle et aP revived the theory that nociceptive stimuli 
from the area of m3ury induce or intensify shock because spinal anesthesia 
reduces the incidence of shock from muscle trauma to a lower extiemity 

* Part of the work described in this paper was done under a contract, recommended 
by the Committee on Medical Research of the Office of Naval Research of the Umted 
States Navy and Harvard University 

Read by title before the Meeting of the American Surgical Association, March 
25-27, 1947, Hot Springs, Virginia 
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Wang® has recently shown a slightly greater tolerance to trauma by denerva- 
tion of the traumatized extremity The protective effect of spinal anesthesia, 
according to Phemister and his co-workers® is due to the decreased bleeding 
consequent to the reduction in blood pressure, while no protection is provided 
by section of the cord, the nerve roots or all the peripheral nerves to the 
extremity Prolonged hypotension induced by stimulation of the cardioaortic 
nerves produces eventual exhaustion of the vasomotor center, but rapid recov- 
ery follows removal of the stimulation at any time before collapse of the 
vasomotor center Stimulation of somatic neiwes does not produce nerogemc 
shock Phemister" summarized his work by stating that the neurogenic factor 
IS of little or no importance except that hemorrhagic shock may be intensified 
by direct nerve stimulation sufficient to produce depression of the vasomotor 
center 

In hemorrhagic shock the key metabolites involved in biological energ} 
transformations show very little disturbance in brain tissue m contrast to severe 
depletion of such substances in liver and kidney ® Consistent with these find- 
ings IS the absence of significant signs of brain damage in dogs whose livers 
have been perfused throughout a prolonged period of hemorrhagic shock and 
in dogs which have recovered from “irreversible” shock as a result of perfusion 
of the liver (See below) 

There is little or no direct evidence from the foregoing data to incriminate 
the nervous system in the development of the irreversible phase of shock 

2 . THE HEART 

Cardiac output is much reduced and continues to decline as shock reaches 
Its terminal phase There is a critical level of cardiac output which, if lowered 
even slightly by a small withdrawal of blood, results in sudden death Since 
temporary improvement m cardiac output always occurs in response to 
repeated transfusions until just before death, the progressive decline m cardiac 
output would seem not to be due primarily to functional collapse of the heart 
The myocardial weakness demonstrated by Werle, Cosby and Wiggers,® and 
by Kohlsteadt and Page,^® and by Wiggers^^ is an expected result of prolonged 
anoxia, which affects the function of all tissues adversely. No bacterial or 
other toxin directly affecting cardiac function has been demonstrated to oper- 
ate m hemorrhagic shock Since a primary disorder m the central circulation 
has not been shown to exist,^^’ the cause of the progressive decompensation 
m the peripheral circulation must be sought elsewhere 

3 . THE LUNGS 

The lungs may be excluded from consideration because they continue to 
function adequately (as indicated by full oxygen saturation of the arterial blood 
until death), except when pulmonary edema results from overtreatment with 
fluids Respiratory disturbances are generally due to reflex, metabolic and 
humoral factors 
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4 THE LIVER 

The extensive biochemical disturbances in shock^’*’ may result from 
damage to cellular function in general or from a functional disorder in one or 
more organs of controlling importance in preserving metabolic equilibrium 
There is reason to believe that a biochemical lesion in the liver is responsible 
for the rapid deterioration of the shock state 

Thus the greater resistance to traumatic shock in rats fed a balanced diet 
as compared to rats on a low protein diet^" may be correlated with the better 
lespiration of liver slices fiom prefed rats in hemorrhagic shock than the 
respiration of liver slices from fasted rats in hemorrhagic shock LePage 
demonstiated in traumatic shock marked depletion of high energy phosphate 
substances in the hepatic and renal cells in contrast to slight depletion of these 
substances in other tissues 

If damage to the liver can be shown to be extensive enough, the rapid 
downhill course of the shock state might be explained on this basis alone 
The liver receives some three-fourths of its blood supply from the portal vein 
This blood, though venous, has an oxygen satmation value of some 15 volumes 
per cent In shock this value is 5 per cent or less Moreover, the volume flow 
through the portal vein and hepatic artery is greatly diminished It is clear 
that great injury to liver function will result if this situation persists for 
very long 

Theie is an abundance of data to show' that the liver suffers severe injurj 
in traumatic shock The secretion of bile slow's up or stops and along with it 
bromsulphthalem clearance and other excretory liver functions must do the 
same The production of fibrinogen-^ and hypertensinogen^® is reduced 
Deamination in the liver is said to be deficient,^- although the evidence is not 
unequivocal'^® An ordinarily well tolerated wnthdraw'al of plasma, if repeated 
in the same animal after the liver has been slightly injured, will result in rap- 
idly fatal shock, while severe cell injury to other organs (kidney, pancreas, 
intestine) does not modify the response Finally, the friable, congested and 
discolored state of the liver at death from shock suggests not only the possible 
total absence of liver function but also the presence of toxic decomposition 
products 

These data indicate that liver injury may be specifically related to the 
development of that degree of functional deterioration which nullifies the effec- 
tiveness of any known therapeutic methods Experiments to be described 
below were devised to test the validity of this hypothesis 

Damage to other organs such as the kidney or adrenal is not of such central 
importance because, ui respect of metabolic effects, the loss of function in these organs is 
lethal only after several days 

The pressor response of the kidney to ischemia is lost early in shock This does not 
implicate the kidney in the genesis of irreversibility because (i) bilateral nephrectomy 
does not alter the course of the shock state if it is induced before the damage from 
retention products occurs, ( 2 ) even if renin secretion could continue during shock, it 
would exert no benefit because of the early disappearance of hypertensinogen from the 
blood 16 
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SUMMARY OF DATA ALREADY REPORTED 
If the liver of a dog in hemorrhagic shock is continuously perfused from 
the onset of the shock state by cross-circulation with a healthy donor animal, 
the development of irreversibility to transfusion is prevented and recovery 
from shock occurs The donor dog is apparently unharmed 

The cross-circulation set-up consists m a flow of arterial blood fiom a 
major aiteiy of the donor into the splenic vein of the lecipient (dog in shock) 
at a rate sufficient to approximate the noimal total blood flow through the 
recipient’s liver The same volume of blood leturns via both femoial arteries 
of the recipient to the systemic veins of the donor 

If this set-up IS arianged so that the blood flow from the donor enters the 
lecipient’s systemic veins instead of the splenic vein, the couise of the shock 
state IS precisely the same as if no perfusion had been performed i e , irrevei - 
sibility to transfusion is not prevented, all the manifestations of rapid and 
progressive decline appear and death follows, after the usual interval In this 
case, too, the donor animal fully recovers and is virtually unharmed at the end 
of the experiment It appears then that perfusion of the liver with aiteiial 
blood from a donor piotects the liver against damage, while the remainder of 
the organism is subject to all factors of extrahepatic origin that might be 
contributing to the development of irreversibility to transfusion To determine 
the extent to which any such factors might be involved, a second series of 
experiments were performed m which in eversibility was allowed to develop 
and the cross-circulation procedure was begun only after the theiapeutic 
transfusion w'as observed to have failed^® In this second senes the lesults 
w^ere piecisely the same as m the first Pei fusion via the splenic vein results 
m lecovery “taking-up”^® disappears, blood pressure gradually retuins to 
noimal and all signs of a restored peripheral circulation become manifest 
Perfusion via a systemic vein pioduces no noticeable impiovement and death 
occurs as rapidly as if no perfusion had been carried out It follows that the 
hvei can be repaned even aftei it has suffeied extensive damage and that it is 
the organ dnectly lesponsible foi failure of the penpheial cncidatory appa- 
ratus m shock 

The therapeutic objective in irreversible shock then requires (i) a deter- 
mination of the mechanism opeiating betw^een the liver and the peripheral 
circulatory apparatus and (2) a closer analysis of the nature of the contribu- 
tion by the donor animal 

In respect to the first of these objectives w'e may postulate (a) the elabo- 
1 ation by the damaged liver of a toxin capable of paralyzing vascular tone or 
(b) the existence of a hormonal product of liepatic origin, normally available 
for the maintenance of vascular tone wdiich, like h) pei tensinogen and fibrino- 
gen, disappears as the hepatic cells become increasingly incompetent No evi- 
dence for the latter is yet available 

That toxins can induce shock or increase susceptibility to shock is a w ell- 
recognized clinical fact, e g , as in the case of infection Aie there any endog- 
enous toxins in shock in which an infectious process can be safely excluded ^ 
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Chambers and his collaborators^'^ suggested the presence of a circulating toxin 
in hemorrhagic and tourniquet shock Callicrein, which occurs in animal tis- 
sues, produces shock when injected m concentrated form But its sponta- 
neous appearance in the blood during shock cannot be demonstrated Prinzmetal 
and Bergman'^® believe that a toxin is present in the blood of rats immediately 
after producing a hot water burn Shorr et a! developed the hypothesis that 
shock IS due to an endogenous vasodepressor toxin by demonstrating a vaso- 
depressor principle (VDM) in ice-cold saline washings of liver from the dog 
m hemorrhagic shock Less is found in hepatic vein blood, still less in striated 
muscle and none elsewhere This toxin of hepatic origin produces a transient 
shock-like state of peripheral flow m the mesentery of the test rat If enough 
can be produced to permit testing its capacity to induce the shock state and to 
carry the latter to its lethal termination, stronger evidence of its specific 
etiology in shock would then be provided We have resei^^ations concerning 
the specific relation of this toxin to the shock state because it has not been 
found in dogs which were not under the influence of barbiturates It is our 
view that the barbiturates intensify the shock state and so complicate the 
findings Blood samples taken from our shocked animals (in which we used 
morphine only) and assaj'^ed for toxin in Shorr’s laboratory did not show any 
parallelism between the clinical state of the animal and the toxin assay 
These tests, however, are yet in the exploratory stage If a toxin is responsible 
for the lethal outcome of the shock state, it is difficult in our experiments to 
account for the healthy state of the donor animal when the recipient dies in 
shock One must then assume a neutralizing function in the donor which is 
not available to the recipient in spite of a free intermixture of the two 
blood streams 

If the donor cures the recipient by neutralizing a toxin which acts on the 
penpheral vascular musculature, the same service should be available to the 
recipient regardless of the route of cross-circulation Shorr states that the toxin 
from the shocked dog’s liver is also formed by anoxic liver 771 vttio and is 
inactivated by healthy liver tissue The toxin stops being elaborated if the 
anoxic liver is restored to an aerobic environment within a few hours Since 
the donor makes a therapeutic contribution only because his arterial blood 
reaches the liver of the recipient directly, the donor’s blood achieves its effect 
at least in large part by restoring an aerobic environment to the liver, rather 
than by the neutralization of a circulating toxin 

WORK'*kN PROGRESS* 

The nature of the donor’s contribution accordingly requires further analy- 
sis This contribution might consist (i) solely in a flow of arterial blood to 
the liver to supplement the deficient volume of oxygenated blood which the 
animal itself is supplying or (2) m an essential biologic substance no longer 
elaborated by the dog in shock It is also possible that both are needed to 

* Recent experiments were done with the assistance of Dr E D Frank and 
Dr L H Manheimer 


1006 



\olume 126 
Vumber 6 


LIVER IN HEMORRHAGIC SHOCK 


facilitate regeneration of that liver function which is essential for sustaining 
peripheral vascular tone or if a toxin is involved, to inhibit toxin formation 

An initial step in the solution of this problem was made by perfusing the 
liver of the dog m shock by a supplemental arterial supply from its own femoral 
artery instead of from a donor animal The volume flow from the femoral 
aitery to the splenic vein neaily equaled the volume flow that was supplied by 
a donor animal In a series of 15 such autoperfusion experiments the course 
of the shock state was definitely altered in that the rate of “taking-up” was 
1 educed and survival of the animal prolonged, but recovery from the shock 
state was not effected, except in one instance The evidence indicates that sup- 
plementary portal flow of normally oxygenated blood was not the sole con- 
ti ibution of the donor animal 

A series of liver perfusion experiments, in which a variable capacity pump 
supplied with a reservoir of fresh blood is used in place of the donor animal, 
IS now being conducted From the evidence to date, which is still preliminary, 
it appears that this will also fail to effect recovery and that the donor animal 
seems to make a biological contribution in addition to that of merely supplying 
arterial blood to the hvei For example, the donor supplies glucose, because 
the recipient’s blood glucose level is maintained when cross-circulated with a 
healthy dog but not when autoperfusion is performed If glucose is added to 
the autoperfusion ciicuit, the blood glucose level may be maintained In any 
case, the addition of glucose does not alter the final result What other sub- 
stances the donor’s blood provides which the recipient’s own blood does not, 
remains to be determined 

In another senes of experiments now in progress, liver perfusion from 
the shocked dog’s own femoral aiteiy is accompanied by cioss-circulation 
between the donor and the systemic veins of the shocked dog To date, the 
results of this study indicate that the benefit conferred does not equal that of 
direct liver perfusion The possible adverse effect of the additional A-V shunt 
created will require further evaluation 

A complicating factor of serious import in many of these experiments is 
the development of intraperitoneal bleeding of massive proportions, which 
results in loss of the animal before the result can be evaluated This bleeding 
IS not due in most instances to technical errors or local trauma It is an expres- 
sion of the shock phenomenon and deserves intensive investigation, since it is 
an even grosser manifestation of tissue disintegration than the more familiar 
one of hemorrhagic extravasation into the gut 

We observed long ago that bleeding into the intestine in hemorrhagic shock 
IS mild or insignificant until the irreversible stage is reached and then occurs 
only if tiansfusions are given It is a striking fact that liver perfusion from a 
donor reduces this complication, whereas other types of perfusion do not By 
the use of silicone-lined tubing we have been able to reduce the amount of 
heparin needed in these experiments to a trace, but uithout completely elim- 
inating the intraperitoneal bleeding, particularly in dogs vho have been allowed 
to deteriorate too extensively Therefore, although we may be able to omit 
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heparin entirely in future cross-circulation expeiiments, we cannot expect to 
avoid this complication Meanwhile, in an attempt to explain the bleeding we 
have made the following observations ( i ) the prothrombin time increases only 
slightly in advanced shock, (2) the coagulation time is not altered, (3) fibrin- 
ogen IS not pioduced by the liver during shock, but some remains in the blood 
and more is added from transfused blood Consequently, the hemorrhage is 
presumably not due to gross defects in the coagulation process , (4) the portal 
venous pressure is substantially elevated in shock aftei transfusion (even \\ith- 
out added inflow from an arterial anastomosis) The range of elevation is 
sufficient to pioduce hemorrhagic extiavasation into the gut and the peritoneal 
cavity To what extent the hemopeiitoneum is a manifestation of the failure 
of liver recovery or merely an unrelated complication which prevents recover} 
that might otherwise occur, lemains to be determined 

SUJEMARy 

Cross-circulation of the liver of the dog in hemorrhagic shock with a 
healthy donor animal is the only effective therapeutic agent so far known foi 
the treatment of hemorrhagic shock irreversible to transfusion The nature 
of the donor’s conti ibution consists in something m addition to merely oxyge- 
nated blood flowing into the liver At present the problem is to determine 
what this additional service is 
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THE REDISTRIBUTION OF BODY WATER AND THE 
FLUID THERAPY OF THE BURNED PATIENT 

Oliver Cope, M D , and Francis D Moore, M D 

Bostox, Mass 

FROM THE DEPARTMENT OF SURGERT OF THE HARVARD MFDICAL SCHOOL 
AND THE SURGICAL SERVICES AT THE MASSACHUSETTS GENERAL HOSPITAL 

As knowledge of the physiologic alteiations peculiar to the burned patient 
has unfolded in the past two decades, the concept of plasma volume deficit has 
become firmly entrenched as the central feature ® Restoration of this vol- 
ume towards normal, or prevention of its diminution, has become the prime 
objective of fluid therapy But burned patients still succumb to their injuries, 
and the frontier of survival has not been pushed very far back despite isolated 
reports of the survival of remarkably extensive burns ^ Apparently, there are 
still aspects of the disordered physiologj'^ of burns which we do not understand 
well enough to treat effectively The disordered fluid balance of burn shock 
may be confused by the presence of pulmonar)’- damage or infection, b} w ide- 
spread phj''siologic changes due to the trauma, or to misdirected treatment 

During a period of enthusiasm in the field of burn therapy, ranging from 
treatment ivith large quantities of sodium ion to massive whole blood trans- 
fusion, we have planned a study based not on theory but on obseivation of the 
physiologic variables The present paper deals w ith the disorders of fluid dis- 
tribution encountered in ig patients New concepts of guiding the fluid therapv 
of the extensively burned patient have emerged 

METHODS 

Measurement of the Body Fluid Spaces 

Plasma volume has been measured by the dilution of Evans blue dye, as 
described by Gibson and Evelyn ® In the study of burns several consideration*- 
are pertinent to this method A clear serum is necessary for colorimetrj'’ and 
cannot ahvays be obtained Hemoglobin and bilirubin may both be present in 
the early phases Standard correction for these substances has not yielded 
satisfactory results in our hands During the period of maximal nutritional 
deficit and forced feeding, the 8 - to 12-hour fast required for clear sera is not 
ahvays advisable 

** Read by titlt before the American Surgical Association, March 25-27, 1947, Hot 
Springs, Virginia 

t The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Harvard University 

This study was also aided by a grant from the Josiah Macy, Jr , Foundation 

* The use of the dye method of measuring plasma volume in burns has a theoretic 
inaccuracy which has been discussed elsewhere ® The increased capillary permeability of 
the burn wound permits equilibration of the dye with a larger volume of fluid outside the 
capillary wall , but such equilibration requires time Practically, w^e have found by check- 
ing the dye method with the radioactive red cell volume’^ that if two readings are made 
after injection of the dye, the first at 10 and the second at 30 to 50 minutes after injection 
the determination is still valid even in the extensively burned patient 
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Normal values for the plasma volume (PV) are variable and occupy a 
range fiom 3 5 to 5.0 pei cent of body weight, the latter figure being excep- 
tional and found only in large healthy males of athletic habitus For the aver- 
age patient 35 to 4 5 per cent of body weight is a normal range , it will be 
noted that this involves a 30 per cent vai lation from the lower figure 

Red cell volume has been measured by calculation from the dye plasma vol- 
ume and the large ^ essel hematocrit, and by the dilution of red cells containing 
radioactive iron, a method which is independent of hematocrit differences m 
\anous areas of the vasculai bed The radioactive method has been described 
by Gibson ct ” and the results in our patients are leported m the paper 
dealing w ith the anemia of bui ns " 

ExhaccUulai fluid volume has been measured by the dilution of thiocya- 
nate^®* and of radiosodium’- using the plasma concentration at 50 minutes 
after injection The lattei method is perhaps the more physiologic though they 
both readih reveal extracellular fluid expansion or contraction and in their 
similant} and occasional variance have yielded much data of interest m these 
patients (In the tables the plasma, thiocyanate and radiosodium volumes are 
designated bv' PV, SCNV, and NA'‘V respectively ) 

Our experience in measuring the body fluid spaces coincides with that of 
others in finding a wide variation in noimal v'alues for plasma volume, red cell 
volume and blood volume, fuithermoie, modes of expression such as “per cent 
of body weight,” “cubic centimeters per kilogram,” “liters per square meter,” 
“cubic centimeter per centimetei of sitting height” and other more complex 
measurements yield little increase in accuracy or predictability For 

our purposes, “per cent of bndv weight” seems most practical, and normal 
values are as follow s 


Plasma Volume 

35 “ 

4 5 % BW 0 

Dje Red Cell Volume 

30 — 

40 % BW 

Radioactive Red Cell Volume 

26 — 

35 % BW 

Thiocj'anate Space 

180 — 

250 % BW 

Sodium Space 

iSo — 

25 0 % BW 


Body Weight) 


Measurement of External Wound Loss 

By measuring the amount of sodium m the exudate, the external water loss 
from the wound may be calculated The calculation is based on the assumption 
that sodium leaves the wound in the concentration found m plasma, a reason- 
able assumption since this concentration is found in bleb fluid Methods based 
on the weight of dressings suffer from loss by evaporation , the nitrogen con- 
tent IS a poor guide to w*ater content as the breakdowm of protein to non-pro- 
tem-nitrogen and the evolution of ammonia by bacterial putrefaction affect 
both calculation and result 

By calculations from w*ater intake and output, with estimates of insensible 
w*ater loss and measurements of extracellular space expansion, the water loss 
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through the wound may be further approximated For example, if m a four- 
day period a patient is given 20,000 cc of ater, and excretes 4,000 cc , under- 
goes an extracellulai expansion of 5,000 cc and loses lungs 1,000 cc a day 
for a total of 4,000 cc then 

20,000 — [4,000 5,000 -j- (4 X 1,000) ] = 7 000 cc 

The 7,000 cc lepresent unaccounted for water loss and must ha\e been 
either stored m cells or lost via exudate 

Measm cinent of Jiouily 10 me output has been most helpful clinically m con- 
tiolhng therapy and casts consideiable light on the renal mechanism in burns 
This method will be described m detail later in this papei 

Measm ement of led cell, elect) olyte and p)otcm concent) atwns in the blood 
have been cairied out as a leference point for othei calculations 

Measm entent of elect) olyte and p)otetn balances including exudate losses, 
have been an integial part of the study and are described in a subsequent 
paper 


OBSERVATIONS 

The objective of the studies recorded in this paper has been a comprehen- 
sive plan for the fluid therapy of the extensively burned patient The appraisal 
of the plan of therapy has depended not so much upon stinnval of the patient 
as upon the values obtained in a sei les of cooi dinated laboratory measurements 
The maintenance of an adequate cii dilation has been judged not only by con- 
tinuous measurement of the lenal excretion of uater and electrol3'tes but also 
b} lepeated diiect detei minations of the plasma and red cell volumes The 
demands of the uound have been gauged by measuring both the expansion 
of the inteistitial fluid space and the fluid, electi olyte and protein losses 
fiom the wound suiface The subsequent fate of the huge amounts of fluid 
given as theiapy and pocketed as edema has also been studied by contin- 
uing the laboiatoiy obseivations thioughout the period of lesoiption of the 
wound edema Fiom the balance sheet the true needs of the patient have been 
leconstiucted 

Obsei vations have also been made of the size of the fluid spaces in health} 
human beings under normal and induced ciicumstances and in patients with 
diseases either akin to bums 01 lequirmg therapy commonly employed in 
burned patients Space does not peimit inclusion of these contiol studies 

BURNED PATIENTS 

Of the 19 patients included in this study 16 had extensive skin burns, 
covering fiom 25 to 85 per cent of the body suiface , five of these patients died 
The 17th patient had a burn of 15 pei cent and the i8th and 19th burns of 
only 5 and 4 per cent The 19th also had a pulmonary burn 

It was obviously necessary to have a plan of therapy with which to initiate 
the study, one elastic enough to be altered as knowledge was gamed Foimulas 
for estimating the fluid requirements of a burned patient based upon the degree 
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of hemoconcenti ation had been i ecomniended at the beginning of World War 
II The hemoglobin concenti ation oi hematociit of peiipheial blood was used 
to deteiminc the dcgiee of hemoconcenti ation For each degree of 

hemoconcenti ation piesent a ceitam volume of fluid was recommended as 
theiap) Adequate to lestoic to noimal the volume of plasma circulating at the 
time the mcasuiemcnt \Nas made, these foimulas failed to take into account the 
\olume of plasma fluid which was to be lost fiom the ciiculation m the hours 
altci the paiticulai hemoglobin oi hematociit reading had been made Thus an 
c\tcnsuel\ binned patient, seen within a half houi aftei mjuiy when the hemo- 
coiicenti ation had had little time to adiance, would be given a small quantity 
of fluid whereas m reaht} such a patient lequiies many hteis of fluid in the 
first 12 iiouis m oidci to aioid ciicufatoiy insiifHciency 

It was consideied that a sounder piediction of the fluid lequirement of the 
burned patient could be made on the basis of the extent of the surface aiea 
damaged/ The icasoning took into account not onl}' that the volume of plasma 
w ater lost from the damaged capillai les into the w ound is propoi tional to the 
area of skin sin face burned lathei than to the depth of injury but also that 
planning of theiap) foi an entne 24- 01 qS-hour peiiod w'as m order legardless 
of the degiee of hemoconcenti ation at the paiticulai moment the patient 
w as seen 

Part of the progiam on bums undei taken at the Massachusetts General 
Hospital tor the OSRD, was a stud} of the advantages and shoitcomings of 
administering fluid in accoi dance wntli the extent of surface aiea damaged The 
following foimula foi this relationship, based on expeiience wnth extensively 
burned patients tieated in 1942-43, w'as adopted for tiial 

Surface Area Formula for Fluid Therapy 

The surface area foi mula foi fluid therapy of burned patients is based upon 
the concepts that the demands of the w’^ound aie pi oportionate to its extent, that 
the rate of edema foimation will decrease wuth time after injury and that the 
requirements of normal metabolism including kidney function, must be met in 
addition to those of the wound In the average sized adult for each i per cent 
of the body surface burned, 75 plasma and 75 non-colloid-contain- 

ing isotonic electrolyte fluid are given in the fii st 24 hours These fluids are to 
fill the expanding spaces of the wound and to keep up with any seepage of the 


* At a conference on burns called by the National Research Council on January 7 > 
1942, under the chairmanship of Dr I S Ravdin, it was agreed that a surface area 
formula should be recommended to the Armed Services This was the first time that the 
extent of the surface area burned was to be a major guide to the therapy of burn shock 
Drawing on his experience with the hemoconcentration formulas and the surface area as a 
first-aid fluid formula. Dr Henry N Harkins calculated that patients with 10 per cent 
or more of their body surface burned should be given 1,000 cc of plasma intravenously 
m the first 24 hours for each 10 per cent of the surface burned The conference recom- 
mended that salt solution, not to exceed the same quantity, should also be given The 
formulas tested by us have been modifications of this recommendation 
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wound surface The quantity of non-colloid electrolyte solution equal to the 
amount of plasma is planned because measurement of the fluid m burn blebs 
suggests that wound fluid has a protein concentration a half to two-thirds that 
of normal plasma but a pattern and concentration of electrolyte essentially that 
of plasma The electrolyte solution is to be given by mouth to those patients 
who are not nauseated, otherwise it is given intravenously along wuth the 
plasma The intravenous route is considered less desirable since it is theoret- 
ically possible that the more prompt dilution of the protein of the circulation 
occasioned by the intravenous injection accelerates capillary filtration and 
edema formation in the wound For the oral administration, an isotonic solu- 
tion of sodium was prepared with one-third of the sodium as bicarbonate and 
tw^o-thirds as chloride, it was flavored with fruit syrup For the intravenous 
administration, the physiologic sodium chloride solution available to the armed 
forces was used, recognizing that the chloride concentration was in excess of 
that in the extracellular fluid and that it might produce high chloride concen- 
trations in the plasma 

One-half of the calculated amount of plasma and electrolyte fluid is given in 
the first eight hours and the second half in the subsequent i6 hours, in this 
fashion adapting the rate of the therap}'' to the expected rate of transudation 
into the wound Both the experimentaF® and clinical obsen^ations earned out 
at this hospital suggest that the rate of edema formation follows a parabolic 
curve, rapid at the beginning, tapering off as w'ound pressure increases, w'lth 
cessation of further edema formation aiound the 36th hour In keeping with 
this decreasing rate of edema formation, the plan includes for the second 
24 hours a fluid ration equal to one-half that given m the first 24 hours 

In addition to the above, 2,000 cc of fluid is given m each 24-hour 
period to maintain urine flow’^ (Insensible w'ater loss and the w'ater resulting 
from metabolism were not specifically considered ) The fluid is given prefer- 
ably by mouth and consists of palatable liquids, those containing sugar and 
potassium, such as fresh fruit juices, being offered freely If the fluid has to be 
given intravenously, glucose in w^ater is used The volumes of each of these 
three fluids are subject to alteration according to the exigencies of the case, the 
continued presence of hemoconcentration or cessation of renal output indicating 
the need for accelerated intake * 

Wound Edema — Expansion and Contraction of Interstitial Space 
The volume of wound edema, the rate of edema formation and its subse- 
quent subsidence have been measured in 14 patients ** The volume of w^ound 

* It should not be construed in the application of the formulas described in this 
paper that whole blood transfusion is contraindicated The need for whole blood is dis- 
cussed in the paper dealing with the anemia of thermal burns ’’ 

** The edema observed was not due to lack of pressure dressings To all burns of the 
head and extremities dressings of bulky, compressible cotton were applied and held firmly 
in place by elastic gauze bandages The pressure thus afforded reduced the edema locally 
but displaced it proximally The effect of pressure dressings and their limitation in 
sparing plasma loss are discussed elsewhere 
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cdcm.i equals the increase m volume of the interstitial space over normal, the 
intcistitial space being the cxliacellulai fluid volume minus the plasma volume 
Pie\ious clinical ob‘;cnalion of visible bum wounds not covered by bandages, 
such .is those of the face, suggested that maximal edema in the human being is 
reached between the 36th and qSth horns and that m bums of paitial thickness, 
the subsidence of the edema ma} be almost as rapid after the 48th hour as its 
toimatioii Caie was theiefoic taken to make as many determinations of the 
exliaceilul.ii space as piaclicable within the fiist few days, with ahvays one 
determination close to the qSth bout In this manner it was possible to test the 
clinical impicssion and deteimme the maximal volume and the rates of edema 
lormation and dicajipeaiance The lesults aie divided according to both the 
extent and the dejith of injur} Difleiences m value w'ere found betw^een the 
thiocxanale and ladio.actne sodium ion dctciminations in some patients during 
the phase oi edema fomialioii and dm mg subsidence of edema in patients with 
extcii'^ne deep septic wounds The data aie gnen in Tables I-X The relation 
of niax'imum edema i cached as the result of the bum trauma to the extent of 
injur} IS depicted in Chart i 

Cucum\cubcd Bums Fluid space measuiements were carried out in two 
patients witli ciicumsci ibcd bums 

Case 264 * ** — A 4i-},car-old woman w<as adnnttcd immediately after receiving circum- 
scribed partial tliicKnc's burns of tlie arms, 5 5 per cent m extent The interstitial space 
increased not more than one liter in \olume, the variations both in thiocyanate and radio- 
sodium \olumcs arc witliin lliose inherent in the methods (Table I, Chart i) The plasma 
volume during the period of maximum edema w’as at the lower level of the normal range 
for women (slightly lower than that for men) The patient received no specific fluid 
therapv for her burns because of their limited extent She showed no clinical evidence of 
sj stemic disturbance 

Case 205 — In contrast to the findings m the prev'ious case are those m a man of 56 
icars of age, with paitial thickness skin burns of even lesser extent (4 per cent), limited 
to hands and face, but who also had a pulmonary tract burn from the inhalation of hot oil 
The interstitial space expanded 7 liters in the first 48 hours (Table II, Chart i) This 
expansion, out of proportion to the area of skin damaged and more like that encountered 
in the extcnsiv clj’’ burned, is believed due to the combination of the position of the skin 
burns w'hich resulted in a greater spread of subcutaneous edema and of the pulmonary 
damage 

The interstitial space did not retract to normal until after the third week On the 14th 
day the patient’s plasma volume was excessive, a phlebotomy was followed promptly by 
clinical relief This enlargement of both portions of the extracellular space is believed 
related to over-enthusiastic fluid therapy initiated after the 3dth hour as well as to the 
pulmonary damage of w'hich there were continuing signs and roentgenographic evidence 

* The same case numbers are used in all articles on burn patients studied at this 
hospital under contract with the Committee on Medical Research Numbers i through 39 
refer to the Cocoanut Grove fire cases , numbers 40 through 96 to cases studied before 
the Cocoanut Grove fire, and numbers 97 through 282 to cases studied since the Cocoanut 
Grove fire 

** Extent of the burn, total, partial, and full thickness, is always expressed as per cent 
of the body surface in the papers of this series The per cent is computed according to the 
Berkow scale 25 
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Tablc I 

PLASMA AND EXTRACELLULAR PLUID DATA 

Case 264 

Female Age 41 Weight 52 S Kg 
Extent of Burn S 5 percent total 0 percent full thickness 


PV 


SCNV 


Na*V 


Day 

Post-Burn 

2 

3 

8 


cc 

1740 

1790 


% BW 
3 33 
3 42 


cc 

9,020 

11,700 

10,300 

Table II 


% BW 
17 3 
22 4 
19 8 


cc 

10 900 

10 790 

11 900 


% BW 
20 9 
20 6 
22 7 


PLASMA AND EXTRACELLULAR PLUID DATA 
Case 205 

Male Age 56 Weight 79 Kg 
Extent of Burn 4 percent total 0 percent full thickness 


PV 


SCNV 


Na*V 


Day 

Post-Burn cc 
0(4 5hrs) 2760 
1 
2 
3 

7 2720 

9 3290 

14 4250 

17 

20 3670 


% BW 
3 SO 


45 

30 

30 


4 65 


14 850 


21,500 
24 730 
19 400 

23,270 


% 

19 


27 

31 

24 


BW 

0 


29 2 


15,590 
19 950 
21,900 
19 600 
22 300 

18 320 

19 900 

20 000 


% BW 
19 6 
25 

27 
25 

28 
23 


25 

25 



70 


80 


10 20 30 40 50 60 

PER CENT BODY SURFACE BURNED 

Chart i — Relation of Extent of Burn to Expansion of Extracellular 
Space and Need for Fluid Therapy 

The extent of the burn wound in per cent of body surface damaged is 
plotted against the expansion of the extracellular space in per cent above the 
normal volume The observation recorded is the maximum found from the 
36th to 72nd hour in each of 14 patients 

The patient to whom each observation pertains is identified by the case 
number at the top of the chart Three of the patients died (Cases 234, 268 
and 231) , the expansion was 75 per cent or greater Of the ii patients who 
survived, including the two most extensively burned, none had an expansion 
greater than 50 per cent One of the survivors (Case 205) had an expansion 
out of proportion to the extent of the skin burn (4 per cent) , he had inhaled 
hot oil 
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body water and fluid therapy IX BURNED PATIENT 

Extensive Bums The expansion and contraction of wound edema w^ere 
studied in 12 extensively burned patients In eight the fluid therap} is con- 
sidered to have been adequate, in tw^o it w^as excessive , one of the patients suc- 
cumbed In the remaining two, it is probable that poor kidne} s and infection 
rather than excessive therapy produced an inordinate expansion of the inter- 
stitial space and eventual death 

Of the eight patients receiving adequate but not excessive therap;y, five are 
considered together because they were consecutively treated patients with 
extensive full thickness burns upon whom comparable studies w^ere made 
Cases 135 , 143 , 149 , 155 , 164 . The measurement of the d}'e plasma and 
tliiocyanate volumes w^ere planned with the specific purpose of plotting both 
the rates of edema formation and retraction Multiple measurements were 
made in the first seven da3’’s and occasionally thereafter The data are sum- 
marized in Table III and Charts 2a, b and c (See also Chart i) 

The patients w^ere fulty growm, their ages varying irom 16 to 48 }eais In 
Table III, Column 3, it is seen that the burns ranged m extent from 25 to 72 
per cent The extent of full thickness destruction was also variable, from 7 to 
38 per cent Column 5 indicates that immediateh tollowmg admission the 
patients showed hemoconcentration both of cells and piotein In Column 9 aie 
showm the increases found in the thiocyanate space The increases average 
8 per cent of the patient’s body weight, varying irom 7 to 1 1 per cent These 
increases represent expansions of 35 to 55 per cent over the normal extracel- 
lular volume In Column 10 it wall be noted that the total therapy administered 
to the patients in the first 48 hours averaged 328 cc per per cent of burn Of 
the figures in this Table, the deviation from the average is the least and foi the 
reason that the therapy given each patient was almost exactly that outlined by 
the surface area formula For anyone not familiar with the treatment of 
burns, this amount of fluid may seem remarkably large 

In Column ir it will be noted that the plasma given in the first 48 houis 
averaged 92 cc per i per cent burn The amount of plasma given per per cent 
of burn varied more than did the total amount of fluid The amount outlined 
m the formula is no 5 cc per per cent burned and it was exceeded only in the 
most extensively burned patient In the others w'hen the plasma ran slowl} 
through the needle, the deficit w’^as replaced by salt solution 

In Column 12 it will be noted that, with the exception of the most exten- 
sively burned patient, the thiocyanate space expansion was slightl} larger than 
the amount of plasma given 

Column 13 indicates that the urinary imlume in all of the patients was ade- 
quate and approached an excessiv’^e amount in only one Case 143 

The importance of renal function as an indication of the state of the circu- 
lation and of hydration is illustrated by the follow mg experience with Case 149. 
the most extensively burned An inlying catheter had been secured m the 
patient’s bladder at the time of entr}^ to the hospital and the urinarv output was 
carefully observed In the 7th hour after injurv the flow of urine ceased A 
second intravenous needle was inserted and plasma was pumped b\ s\ ringe into 
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Volume 128 BODY WATER AND FLUID THERAPY IN BURNED PATIENT 

Number 6 

both veins, 750 cc of plasma being injected in the space of 20 minutes Ten 
minutes after the start of this accelerated plasma injection, urine once more 
di ipped from the catheter A.n hematocrit taken at the start of the accelerated 
injection proved to be yo per cent, and that an hour later was 63 per cent Had 
the catheter not been m place, the cessation of renal function and the circula- 
tory insufficiency producing it, would certainly not have been so promptly rec- 
ognized Although the period of anoxia necessary to damage the kidney has not 
been established with certainty in the human being,^® it is probable that had the 
deficient circulation to the kidney persisted for a matter of hours, sufficient 
renal damage would have accrued to jeopardize the survival of the patient This 
episode dramatically illustrates the usefulness of a close observation of renal 
output m managing fluid therapy in the early phase of an extensively burned 
patient Only by dint of this rapid massive therapy was a fatal outcome avoided 
and when the opportunity to mobilize his edema arrived he excreted 20,000 cc 
of urine in four days (second to sixth daj'^s) A young male, he was able to 
excrete this large amount of water, whereas an older patient might not have 
been able to do so and would have 'been more prone to develop visceral and 
pulmonary edema during resorption Since the treatment administered vas 
barely enough to avoid serious hemoconcentration, the edema and subsequent 
diuresis cannot be regarded as due to over-zealous treatment 

In Column 14 it will be observed that the calculated external water loss is 
extremely variable Though it is accepted that some patients with dry, charred, 
parchment-like burns may have little or no external water loss in the first 48 
hours (Case 143 had burns of such character), this was not so true of Case 
164 One cannot, therefore, accept the zero figures as absolute, but rather as a 
general indication that external vater loss was minor In patients 155 and 149, 
external water loss was large by this type of derived calculation , both patients 
had laige areas of moist wounds 

The rate of edema formation is illustrated in Chart 2a The figures charted 
ai e the per cent deviation from the normal thiocj'^anate space , since the varia- 
tions of plasma volume were inconsequential, tlie changes depicted represem 
changes in the interstitial space The increase m volume of the interstitial space 
IS 1 apid in the first 48 hours, the maximum volume measured in foui patient^ 
being between the 40th and 50th hours In three of these patients the next 
measurement, made betw^een the 5th and 6th days and before any operation, 
showed the volume to have decreased (Cases 135, 143 and 149) In the 4th 
(Case 155), the volume remained unchanged on the 5th day, because of the 
appeal ance of respiratory difficulty it is believed he may have been given an 
excess of fluid The one patient wffiose interstitial fluid volume increased sig- 
nificantly after the 48th hour w^as Case 164 The measurement was made on 
the /th day, twm days after an excision and grafting operation , the red cell 
mass of 1,210 cc measured at the same time indicated a severe anemia This 
continued inciease in interstitial fluid volume doubtless had a complex origin 
and is presumably not a primar}^ result of the burn Obsen^ations on the con- 
trol patients indicate that the operation and severe red cell depletion should he 

1019 



COPE AND MOORE 


Annals of Surccry 
December 1047 


associated with an increase , \\ ound infection known to be present also presum- 
ably played a role 

In summary, the findings depicted m Chart 2a indicate that the expansion 
of the inteistitial space due to burn trauma occurs lapidly, reaching a maximum 
within 48 hours Other factors such as uound infection, operation, anemia 
and excessive fluid therapy ma}^ influence the degree of expansion and time of 
onset of reti action 

Charts 2b and c depict the variations encountered in concentiation in the 
peiipheral venous blood of piotein and red cells in terms of the per cent devia- 
tion from normal Of the protein theie is an initial increase in concentration, 
the explanation of which is discussed in the paper on the shift of piotein^' 
This inciease is inversel}'’ proportional to the concentration of protein in the 
burn edema fluid The increase is followed by a dilution ivith eventual return 
to normal with healing of the w'ounds The extent and duration of the dilution 


Chart 2a 



HOURS POST BURN 0 24 48 72 

Chart 2a, b and c Three charts demonstrating the early thiocyanate 
space changes and alterations in peripheral concentration of protein and red 
cells in the five severely burned patients tabulated in Table III (Cases i^S, 
143, 149, IS 5 and 164) For discussion see text 
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Chart 2b — (See legend under Chart 2a) 
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Chart 2 c — (See legend under Chart 2a) 
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depends upon the osmotic balance left by fluid therapy, resorption of edema 
fluid, kidney function, protein destruction and synthesis 

The graph of the concentration of red cells (Chart 2c) follows a curve par- 
allel to that of the protein, the initial concentration resulting from loss of 
plasma volume, and the subsequent dilution resulting more from diminution of 
1 ed cell mass than from excessive plasma volume m these cases ' 



Chart 3 — Intake-Output Chart of a Patient with a Circumscribed Burn (Case 264) 
The intake-output charts are plotted similarly The ordinate depicts the fluid intake or 
output rate in cubic centimeters per hour, the abscissa hours after the burn Intake is 
indicated by I, output by O Volumes indicated by points at 12- to 24-hour intervals are 
averages The actual observed hourly renal outputs from an inlying catheter are indicated 
by multiple, closely spaced points 

In Chart 3 there is no significant spread between the intake and output over that which 
would be produced by ordinary insensible loss 

In subsequent charts, as the intake progressively rises over tlie output following more 
extensive burns, the area intervening between intake and output is a function of the water 
stored in the wound and lost through the dressing 


The deep wounds of the five patients were treated with early excision and 
giafting, the initial operation taking place between the 5th and yth days 
Although there was a diuresis after the 48th hour, the interstitial space expan- 
sion persisted and final retraction to normal did not occur until healing of the 
wounds was well advanced The patients were discharged home from the 60th 
to 122nd post-burn day with wounds healed 

In the 6th extensively burned patient who received adequate therapy, the 
findings are much the same as in the previous five cases with the addition that 
the extracellular space was measured with radiosodium as well as thiocyanate 

Case 210 A. 34-ysar-old housewife was admitted shortly after receiving a 31 per cent 
total, 25 per cent full thickness burn Her early course was marked by what was regarded 
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at that time as oliguria (see below) , on her 6th day she had a saphenous vein ligation 
because of phlebitis following cannulation On her 8th day she had an excision of a por- 
tion of her burns These areas were partially grafted 1 1 days later , the patient had a long 
and difficult convalescence and was discharged home on the 128th post-burn day 

The observations made on this patient prove that the expansion of the interstitial space 
IS obligate, not a result of therap}’- On admission the patient showed a diminished plasma 
\olume (Table IV) and this together with her high hematocrit and high protein concen- 
tration indicated the familiar early tendency to plasma loss and burn shock An expan- 
sion of the extracellular space to so per cent above normal was observed 

The patient’s initial treatment was not excessive and during the initial 48 hours the 
patient’s urine output was at low but adequate levels, 1,470 cc during the first 24 hours 
(an average of 61 cc per hour) and 846 cc during the second (an average of 35 cc per 


Table IV 

PLASMA AND EXTRACELLULAR FLUID DATA 

Case 210 

female. Age 34, Weight 73 0 Kg 
Extent of Burn 31 percent total 25 percent full thickness 

PV SCNV Na*V 

Daj 


Post- Burn 

cc 

% BW 

cc 

% BW 

cc 

% BW 

0 (2 hrs ) 

1790 

2 5 

12,900 

17 7 

16 070 

22 8 

5 

(1640) 

2 3 

22 200 

30 5 

21,600 

29 6 

8 

34S0 

4 7 

25 400 

35 0 

20,500 

28 0 

15 

3330 

4 6 

20 300 

28 0 

19,600 

27 0 

24 

2640 

3 5 

17,300 

23 6 



32 

2180 

3 0 

21,200 

29 0 

18,200 

25 0 

47 

3040 

4 2 

21,200 

29 0 

17,900 

24 5 

6! 

3100 

4 3 

21,300 

29 4 

17,800 

24 S 

81 

2620 

3 6 

16,900 

23 1 



114 

2460 

3 4 

20 400 

27 8 

18 500 

25 3 

127 



17 500 

24 0 

16 900 

23 2 


hour) During the first 48 hours the patient received 11,253 cc of fluid of which 4,020 
cc was plasma According to the surface area formula described, her therapy for the first 
48 hours was to have totaled 3,485 cc of plasma, a like amount of non-colloid-containing 
electroljqe solution plus 4,000 cc of fluids, a total of 10,970 cc Although it is conceivable 
that her minimal requirement was less than given, this is unlikely m view of the continuing 
mild hemoconcentration and small urinary volume during the first 48 hours It is of 
interest that the 8 liter expansion in extracellular fluid revealed by the second measure- 
ment (5 days post-burn) correlated so closely with the difference between intake and 
output during the first 48 hours, 8,937 cc (Chart i) In patients who are flooded with 
water one cannot estimate the volume of the burn edema by the volume of fluid retained 
because the factor of renal function looms so large and a discrepancy between intake and 
output may reflect renal damage 

After the first 2 days, the patient’s fluid therapy was intensified because the urine 
output was not at that time regarded as adequate The intensified therapy consisted of 
approximately 19,000 cc of fluid during the next 3 days and the concomitant excretion 
of 12 liters of urine from the 3rd to Sth days, inclusively 

The remaining two of the eight patients \Mth extensive burns receiving 
adequate therapy had bums of but paitial thickness with only small areas of 
full thickness destruction 
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Case 196 — A male, age Si, received a burn of 15 per cent total, i per cent full 
thickness His fluid therapy was purposely delayed until the 6th hour to permit study of 
the differential sodium-thiocyanate expansion in an untreated burn At the end of five 
hours the thiocyanate space was only slightly higher than normal, 226 per cent of his 
body weight, whereas the sodium space, at 294 per cent, had expanded significantly 
(Table V) 


Table V 

PLASMA AND EXTRACELLULAR FLUTO DATA 


Case 196 

Male, Age SI, Weight 80 Kg 
Extent of Burn IS percent total 1 percent full thickness 


Day 


PV 


SCNV 


Na*V 

cc 

% BW 

cc 

% BW 

cc 

% BW 

Post- Burn 

0 (S hrs ) 

3500 

4 38 

18 200 

22 6 

23 700 

29 4 

3 



18 600 

23 5 



4 



17 250 

21 6 

16,050 

20 0 

9 

4560 

5 60 

16 800 

21 0 

18 250 

22 6 



HOURS POST- BURN 

Chart 4 — Intake-Output Chart of a Patient with a Superficial Bum of 15 Per 
Cent and a Full Thickness Burn of but 2 Per Cent (Case 196) 

In this patient, slightly more extensively burned than that of Chart 3, the intake 
departs from the output during the first 60 hours, indicating some storage of water in 
the wounds The discrepancy is less than that found in more extensively burned patients 


This finding of a larger sodium space is of interest because it has been 
observed in other patients within the first days after injury It indicates that 
the volume of fluid in which sodium is dissolved is greater than that into which 
the thiocyanate can pass Normally the volumes receiving these two ions are 
equal This finding in burned patients suggests that the sodium ion penetrates 
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cell barriers not open to the thiocyanate and may be due either to the trauma 
pe) se or to a generalized dehydration m the acute phase after injury The 
more prolonged elevations of the thiocyanate space frequently observed in 
patients with a chronic open wound (when the sodium space may be normal 
or near normal) also indicate some difference in significance of the two 
methods 

Case 196 never approached shock and never showed evidence of serious 
fluid disorder The fluid allotment provided by the suiface area formula proved 
adequate (Chart i) He developed considerable facial and head edema, but by 
the 3rd day after his burn when his sodium space had returned towards nor- 
mal, the patient had mobilized and excreted his edema and was essentially 



Chart S — Intake-Output Chart of a Patient with a 31 Per Cent Total Burn, Most 
of Which Was of Full Thickness Destruction (Case 210) 

There is a prolonged discrepancy between intpke and output which does not resolve 
Itself until approximately 120 hours after the burn During this time the patient was 
treated conservatively, at times her urine output being low This may account for the 
prolonged period of intake-output discrepancy The patient was slow to mobilize the edema 
fluid and did not show a clear-cut diuresis 


normal His partial thickness burn healed with rapidity and he did not show 
the prolonged elevation of the thiocyanate space we have found associated with 
extensive, chronically infected, full thickness burn wounds The changes indi- 
cate a need for water, electrolyte and protein adequate to meet the demands of 
the burn wound These demands are transient as the tissues retain the viability 
essential to early recovery of capillary permeability and resorption, or mobiliza- 
tion, of the edema fluid 

This patient never demonstrated any hypoproteinemia , on two observations 
on his first post-burn day he showed slight hemoconcentration with respect to 
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red cells, presumably related to the accumulation of edema during that period 
and to the fact that treatment was purposely withheld for six hours to study the 
sodium-thiocyanate discrepancy 

Case 254 — A previously vigorous electric power linesman 38 years of age received 
an electric flash burn of 45 per cent, only 5 per cent being full thickness injury Of note 
was the observation that the volume of his extracellular space when first measured was 
out of all proportion to the fluids which had been given him, and that he pro\ed subse- 
quently, nine months after the accident, to have an unprecedentedly large interstitial fluid 
volume as measured by dilution of the thiocyanate ion (Table VI) 

According to the surface area formula, 3,375 cc of plasma and 8,750 cc of total fluids 
should have sufficed for his requirements for the first 24 hours Because of continued 


Table VI 

PLASMA AND EXTRACELLULAR FLUID DATA 

Case 254 

Male Age 38 Weight 68 8 Kg 
Extent of Burn 45 percent total 5 percent full thickness 


PV SCNV Na*V 


uay 

Post-Burn 

CC 

% BW 

CC 

% BW 

CC 

% BW 

2 



35 000 

51 0 

26 500 

37 0 

3 



29 600 

43 0 



4 



30 600 

44 5 



5 





27,700 

40 0 

7 

4640 

6 7 

33,200 

48 0 



11 

4320 

6 3 

24 500 

35 5 

17 840 

IS 18 

9 mos 

3540 

5 2 

25 400 

36 5 




apparent hemoconcentration of mild degree, judged by an hematocrit above 45 and a serum 
protein concentration above 70 Gm/ioo cc, this allotment was exceeded by 750 cc of 
plasma and the total by nearly 3 liters of fluid in the first 24 hours After his wounds 
were healed and he was clinically well, his hematocrit was found to be 47 per cent and 
serum protein 6 6 Gm /loo cc In retrospect the fact that he secreted 2,538 cc of urine 
m the initial 24 hours, approximately 1,300 cc more than adequate, suggests that the 
urinary output would have been a wiser guide to the fluid therapy than the apparent hemo- 
concentration 

Measurement of the extracellular space by the thiocyanate method on tlie second day 
after the burn yielded a surprising volume equal to 51 per cent of the body weight (The 
sodium space was significantly smaller ) Other patients showing a volume of such pro- 
portion were precariously ill and subsequently succumbed, yet this patient was clinically 
tolerating his injuries well This paradox was explained when nine months later his 
extracellular fluid volume was found to be 36 5 per cent of his body weight Such a large 
volume IS unprecedented in our experience m an overtly healthy man, and remains 
unexplained 

If the volume of his extracellular fluid measured nine months post-burn is 
accepted as his normal, two concepts emerge which are useful in ti eating this 
type and size of burn The increase m volume as a result of the burns found at 
48 hours after burning, represents a 40 per cent increase in volume, not 150 
per cent, above the normal (Chart i) , this change m volume m the first 48 
hours would also represent a 10,000 cc increase, a figuie in keeping with the 
actual fluid balance (including a 750 cc loss from the wound m the first 48 
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hours calculated from the sodium content of the exudate) A 40 per cent 
increase m extracellular volume is to be expected m patients with burns of 
this extent, comparable to the experience m patients with full thickness burns. 

The second important finding is that the initially expanded interstitial space 
had retracted to normal by the nth post-burn day Such a prompt retraction 
IS not seen in patients with extensive skin burns predominantly of full thickness 
destruction 

The experience w ith the t\\ o patients having extensive burns who received 
excessive fluid therapy and one of whom died is as follows 

Case 217 . — A 26-j ear-old woman was brought to the hospital within an hour after 
recening burns of 78 per cent, 45 per cent of the total surface being of full thickness 
destruction Her first dajs were marked by intensive fluid therapy and massive edema 

Table VIl 

PLASMA AND EXTRACELLULAR FLUID DATA 
Case 21T 

Female, Age 26. Weight 92 8 Kg 
Eitcmt of Burn 78 percent, 45 percent full thickness 

PV SCNV Na*V 


Daj 


PosI-Butd 

cc 

% BW 

cc 

% BW 

cc 

% BW 

0 (1 hr) 

2320 

2 5 

18,000 

19 5 

19,800 

21 5 

1 



23,300 

25 2 

25 450 

27 5 

2 





28,000 

30 5 

3 

2890 

3 1 

27,500 

30 0 

22,800 

24 7 

10 

4080 

4 4 

27,400 

30 0 



24 

4040 

4 4 

27,200 

29 3 

21,500 

23 5 

48 

3880 

4 2 

28,800 

32 0 

19,600 

21 3 

68 

3210 

3 5 

20,400 

22 0 

15,900 

17 2 

95 

2970 

3 2 

26,400 

28 6 

20,100 

22 0 

13 RIOS 

2400 

3 2 

19,600 

26 0 


(Wt 76 Kg) 


From the 4th to loth days she exhibited an increasing fever Because of this indication 
of acute infection, plans for early surgical care of her full thickness burns were aban- 
doned Her wounds healed by granulation, epithelization and grafting over a period of 
many months She was discharged home on the 190th post-burn day 

The first determinations of the plasma volume and hematocrit made one 
hour after injury indicated that an uncompensated plasma loss had already 
occurred (Table VII) The extracellular measurements made at the same 
time were vithm the normal range and suggested that the uncompensated 
plasma deficit and wound edema had resulted in some dehydration of the rest 
of the body As in other patients in the presence of dehydration, the radio- 
sodium volume was larger than that of the thiocyanate 

Soon after therapy was begun the usual expansion of the interstitial space 
took place (Chart i) By the 3rd post-burn day when the patient’s clinical 
edema was beginning to subside, the sodium space receded back to 25 per cent 
of the patient’s body weight and from then until healing the thiocyanate space 
remained expanded, the sodium space remaining more nearly normal This 
continued enlargement of the thiocyanate space but not that of the sodium, is 
the characteristic finding during the convalescence of patients with an exten- 
sive infected open wound 
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The patient’s blood volume on the 3rd post-burn day was only 4 65 per 
cent of the body weight, one of the lowest total blood volumes \\ e have observed 
m this group of cases and due unquestionably not only to the uncompensated 
plasma loss but also to massive destruction of red cells described in the report 
of the anemia of deep burns ’’ 

In this patient, therapy based on the surface area formula would have 
resulted in the administration of 5,850 cc of plasma, a like amount of non-col- 
loid-contaming electrolyte solution, plus 2,000 cc of fluid, all in the first 24 
hours This schema was exceeded by 7,600 cc , for during the first 24 hours 
the patient received 21,313 cc of treatment of which 6,240 cc was; plasma 



Chart 6 Intake-Output Chart of an Extensively and Deepb' Burned Patient 
Whose Initial Treatment was in Excess of that Necessary (Case 217) 

"Tb^re IS a large discrepancy between intake and output during the first 24 hours 
u IS most rapid From the looth hour on, a normgl relationship is 

exhibited The high average urine output during the first 80 hours, averaging around 
300 cc per hour, illustrates, in the light of subsequent experience, that fluid therapy was 
being administered at a rate more rapid than essential 

During this time the patient’s urine output was 6,855 cc with an added 1,000 
cc loss as vomitus External losses arrived at by calculation were veiy severe 
amounting to somewhat over 5 liters during the first 48 hours 

This patient was treated with excessive zeal and the load placed on her kid- 
neys thereby was tremendous As it turned out, the volume of fluid indicated 
by the surface area formula should have proven adequate to the need , the forc- 
ing of the fluid intake might well have led to a fatality During the patient’s 
second 12 hours in the hospital she excreted 5 hters of urine and during the 
second 24 hours, 6,245 cc This patient was fortunate in having a renal mech- 
anism which could handle this load , in an older individual, visceral edema and 
cardiac decompensation would doubtless have occurred By the end of 48 
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hours the patient was watei logged and well into a period of water retention 
She was clinically edematous with a sodium space of 30 per cent of her body 
weight, hematociit of 33 and seium piotein of 5 2 Gm /loo cc. were furthei 
evidences of this dilution On the third day after the bum she excreted 8,215 
cc of mine in a 24-houi period, an amount larger by 33 per cent than any 24 
hour uiine output during hei entiie stay, hei edema decreased perceptibly, 
and the sodium space deci eased 6 litei s This can be interpi eted only as a spon- 
taneous diuresis of letained watei and its occurrence (often discernible only by 
caieful intake-output data) constitutes the best possible piognostic sign fiom 
the point of view of fluid therapy in a severely burned patient, though it is not 
necessarily a poi tent of survival (cf Case 268) 

In summary this severely burned patient was given intensive fluid therapy, 
7 hteis more than that outlined on the basis of the extent of her burn The 
patient siinuved because she did not have a pi unary lung injury producing 
increased pulmonary capillary permeability and edema, and because she pos- 
sessed kidneys which could excrete as much as 8 liters of uiine in a 24-hour 
peiiod when called upon to do so by the resorption of the burn edema It is 
possible that the patient needed actuall}^ less fluid than that outlined by the 
surface area formula because the excessive theiapy may have distended the 
mtei stilial space even further 


Table Vi 11 

PLVSMA AND EXTRACELLULAR FLUID DATA 

Case 231 

Male, Age 36 W^eight 70 Kg 



Extent of Burn 68 percent total 

39 percent full thickness 


Day 


PV 


SCKV 


Na*V 

CC 

% BW 

cc 

% BW' 

cc 

% BW 

Post- Burn 

1 



32 700 

46 5 

29 300 

41 9 

2 



27 000 

18 5 

28,900 

41 3 

3 

3580 

5 1 

35 000 

50 0 




Case 231 — A 36-year-old male was admitted with burns of 68 per cent total and 39 
per cent full thickness Therapy w’as administered with great energy in an attempt to 
avoid shock and oliguria On the second day post-burn the patient was seen to have 
massive edematous collections of fluid m his scrotum, buttocks and thighs On admission 
he had shown burns of the nares and pharynx and by his second day, frank pulmonary 
edema was present and the patient was cyanotic On the third post-burn day a tracheotomy 
was done in the hope of improving his ox5’^gen exchange After this the patient regained 
consciousness only fitfully and died on the 6th day 

During the first 48 hours m the hospital this patient received 32,645 cc of 
treatment of which 10,747 or roughly 30 per cent was plasma This amount 
of plasma is equal to approximately 20 per cent of his body weight and w^as 
over four times his normal circulating plasma volume It is about 35 per cent 
more plasma than the volume outlined by the surface area formula During 
this time the patient excreted approximately 8 liters of urine leaving him with 

* In the experimental animal, the wound volume created by the burn may be shghtlj 
increased by an intravenous injection of isotonic sodium solution 23 
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an apparent water retention of about 24 liters His sodium space expanded 
to 42 per cent of his body weight and his final thiocyanate space measurement 
was 50 per cent of his body weight (Table VIII, Chart i) Too exact an inter- 
pretation of such data is not justified but since the expansion was measured at 
a time when there was generalized edema, the expansion presumably repre- 
sents a widespread, massive disorder of fluid distribution and perhaps of cell 
permeability 

At times dunng the first 48 hours the patient excreted over 900 cc of urine 
per hour and the total urine output for the first 24-hour period was 5,671 cc 



Chart 7 — Intake-Output Chart of an Extensively Burned Patient 
Who Received Excessive Therapy and Who Succumbed (Case 231) 

Early therapy was administered to the extent of a high urinary output 
during the first 12 hours Despite tlie high output the fluid therapy was 
further increased until, during the period between 24 and 36 hours, the 
patient was receiving therapy at a rate approximating 1,000 cc per hour Kid- 
ney function was unable to keep pace with this tremendous fluid load and 
the patient developed massive peripheral and pulmonary edema Therapy 
was drastically cut at the 40th hour but the patient was unable to diurese the 
fluid already absorbed and succumbed at the 135th hour 


This output indicates that the patient was being subjected to a water load dis- 
proportionate to the actual requirement However unlike Case 217, who could 
excrete large volumes of urine consistently for many days, this patient Avas 
unable to tolerate so much fluid His kidneys could not keep up wuth the thera- 
peutic infusions , the patient never shoived any spontaneous diuresis A direct 
injury of his pulmonary tract favored the development of intractable pulmonary 
edema, and death resulted 

In summar)'-, although this patient's therapy was originally outlined on the 
basis of surface extent injured, the estimate of therapeutic requirement was 
greatly exceeded because of a clinical impression of the patient’s tendency to 
shock Huge quantities of fluid were given , the renal mechanism became over- 
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taxed although the kidneys of this healthy young male were presumably normal 
prior to burn The inordinate expansion of extracellular volume was presum- 
ably as much the result of excess theiapy as of the extensive burn itself 

The events in these last two cases lead to the realization that although 
patients with extensive burns require massive amounts of fluid therapy m order 
to compensate for the wound edema, there is a limit to the distensibility of the 
interstitial space compatible with life In the first patient, the measured disten- 
tion of the extracellular fluid volume did not exceed 50 per cent of the normal 
(Chart i) , the patient suivived In the second patient, the measured disten- 
tion reached 100 per cent above the normal , the patient died The safeguard 
to fluid therapy suggested is that fluid should be restricted to an amount com- 
patible with no more than a 50 per cent inciease in the extracellular fluid 
volume 

The final two patients with extensive burns, both of whom died, are 

Case 234 — A 68-year-oId man suffered extensive burns (55 per cent total, 45 per 
cent full thickness) which proved fatal m nine days For the first week the patient 
remained rational He did not develop visible edema m unburned areas nor did he have 

Table IX 

PLASMA AND EXTRACELLULAR FLUID DATA 

Case 234 

Male, Age 68, Weight 60 0 Kg 
Extent of Burn 55 percent total, 45 percent full thickness 

PV SCNV Na*V 

Day 


Post-Bum 

cc 

% BW 

cc 

% BW 

cc 

% BW 

0 (1 hr ) 



16 500 

27 5 

15,900 

26 4 

1 

2930 

4 9 

20,800 

35 0 

18 000 

30 0 

2 



23,300 

39 0 

20,800 

35 0 

3 

2350 

4 0 

28,800 

49 0 

19,900 

33 0 

4 





24,300 

39 0 

5 



24,800 

42 0 

20,600 

34 5 

6 





19,450 

32 5 

7 

3040 

5 0 

24,500 

41 0 



8 



28 800 

48 0 

VI 260 

18 7 


pulmonary edema In his last two days the patient failed gradually and succumbed with 
clinical evidence of bronchopneumonia and wound infection Postmortem examination 
showed bronchopneumonia without alveolar edema, and a chronic nephrosclerosis long 
antedating the burn 

Fluid therapy was carried out with the intent of avoiding over-administration because 
of his age and the realization that cardiac decompensation would result if fluid therapy 
was not carefully restricted The patient was given less sodium than had previously been 
the rule and whether as a result of this or of other factors the sodium space was through- 
out smaller than the thiocyanate space (Table IX) During the last days of his life his 
thiocyanate space w'as growing larger while his sodium space was decreasing This dis- 
crepancy coexisted with increasing wound infection 

The patient’s therapy was designed to satisfy an extracellular space expansion of 
approximately 7 per cent of his body weight by the administration of plasma in the first 
24 hours, and for this reason he was given 4,800 cc of plasma in the first 24 hours and a 
total of iS,ooo cc of therapy His urine output during this time was 3,500 cc , an amount 
indicating that the therapy was excessive During the patient’s second 24 hours, treatment 
was cut down to 7,300 cc , but the urine output was maintained at 1,700 cc for the 24-hour 
period, an amount adequate to excrete the normal metabolites (His non-protein-nitrogen 
remained normal until his last day ) 
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Between the second and third days the extracellular space had expanded to 96 per 
cent above normal, a volume theoretically well in the danger zone of overdistention 
(Chait i) 

The patient did not live long enough to mobilize any edema , there was no discernible 
diuresis It is possible that his renal function was not adequate to excrete the excess body 
fluid Death resulted from a combination of factors including wound infection, excessive 
extracellular fluid which could not be dissipated by his kidneys, as well as age and debility 
terminating in bronchopneumonia 


Table X 

PLASMA AND EXTRACELLULAR FLUID DATA 
Case 268 

Female, Age 83 Weight 60 0 Kg 
Extent of Burn 62 percent total, 22 percent full thickness 

PV SCNV Na*V CL*V 

Day 

Post-Burn cc % BW cc % BW cc % B\V cc % BW 

3 2220 3 7 20 800 35 0 17 670 29 3 10 500 17 5 


500 CASE 268 - FEMALE. AGE 83 

62 % TOIAL BURN 



HOURS POST BURN 

Chart 8 — Intake-Output Chart of an Extensively Burned Elderly Woman 
Treated with Minimal Quantities of Fluids (Case 268) 

With the intent of avoiding overhydration, the intake was kept as low as consistent 
with a minimally adequate urinary output In the first 72 hours there is a wide discrep- 
ancy between intake and output indicating fluid retention From the 75th to the 86th 
hour there is a spontaneous diuresis Despite the patient’s age and extent of the burn 
there was no pulmonary and minimal peripheral edema 


Case 268 — An 83-year-old female patient was admitted with burns of 62 per cent 
total, 22 per cent full thickness Because of her age, fluid therapy, as m Case 234, was 
given on a limited scale On the second day she was digitalized She remained drowsy, 
became more and more difficult to arouse and uncooperative Her pulse rate gradually rose 
and her respiratory rate increased m the last four days reaching a rate of 50 The patient 
died on the 13th post-burn day with a sudden rise of temperature to 106° and the clinical 
picture of extensive bronchopneumonia 

Fluid therapy m this patient was carried out according to the scheme that she would 
require m the first 48 hours plasma amounting to 7 per cent of her body weight (the 
expected extracellular expansion) plus 1,500 cc of electrolyte-free water to cover insen- 
sible losses, and 1,500 cc of electrolyte solution to cover kidney function Her urine out- 
put was to be regarded as adequate if it was maintained between 20 and 50 cc per hour 
This regimen was initially successful and although her total urine output during the first 

1032 



\ohmio 126 
Number 6 


BODY WATER AND FLUID THERAPY IN BURNED PATIENT 


two days of her hospitalization totalled 326 and 515 cc respectively, the patient did not 
develop azotemia nor did she show evidences of hemoconcentration. 

Justification of this course of systemic fluid therapy appeared on her third post-burn 
day when with an intake of 2,000 cc the untie output was larger than that of any previous 
24-hour period and she excreted over a liter of urine daily for five successive days This 
spontaneous diuresis indicated that she had been able to mobilize her wound edema On 
the day prior to her diuresis, an isolated set of volume measurements was carried out, with 
the intention of checking her therapy (Table X) Her plasma volume was essentially 
normal The thiocyanate space was 75 per cent greater than normal, a volume well in 
the danger zone of over-disteiition (Chart i) The sodium space was approximately 
3 liters smaller than that of the thiocyanate A measurement of her chloride space was 
earned out for experimental purposes (using radio-chlonde) and it proved to be 7 liters 
smaller than the sodium space 

It never w^as possible to treat her wounds other than by occlusive dressings , extensive 
wound sepsis culminated in bronchopneumonia and death at the end of two weeks 

The death of both of these patients was influenced by their advanced age 
and the extensive, infected wounds Yet it is striking that both had a disten- 
tion of their interstitial spaces to the degree found in the younger, excessively 
treated patient who also died (Case 231) 

External Water Loss 

The loss of water externally from the surface of the wound has been deter- 
mined in seven patients by measuring the quantity of sodium and of chloride 
m the exudate (Table XI) The loss is roughly propoitionate to the extent of 
the wound surface, is greatest in the first few days, and diminishes with time 
As an average for the first 48 hours, 50 cc is lost for each i per cent of surface 
area burned These diiect measurements are more accurate than the indirect 
calculations made in Table III 

Appraisal of Surface Area Formula Deductions from 
Observations Thus Far Made 

Analysis of the experience gained from the cases described lead us to a 
statement of nine conclusions concerning the nature of the fluid disorder of 
thermal burns and to the recognition of two opportunities to improve on the 
surface area formula for planning the fluid therapy of the extensively burned 
patient 

A relentless expansion of the interstitial fluid volume takes place m the 
first 36 to 48 hours following a burn This expansion in the extensively burned 
patient exhausts the water and protein resources of the plasma and dehydrates 
the rest of the body if untreated Inadequate therapy results m renal and other 
visceral failure 

2 Fundamentally this increase in interstitial fluid volume is the edematous 
distention in the area of the wound, and the amount of expansion is therefore 
proportional to the area burned 

3 The proportion is, however, not direct, for as the area burned increases 
to 30 per cent of the body surface, the expansion of the interstitial space may 
have already reached a maximum so that the entire extracellular space is 50 
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per cent above the noimal volume (that is, an extracellular space of 30 per cent 
of body weight) The amount of edema accumulating as the result of a burn to 
skin depends to some extent upon the specific area burned (face, scrotum and 
buttocks, for instance, can accumulate more beneath the skin than arms and 
legs) and upon relocation of this edema from burned to unburned areas (as 


Table XI 

EXTERNAL WATER LOSS CALCULATED FROM EXUDATE SODIUM AND CHLORIDE LOSSES 
ASSUMING THESE IONS LEAVE THE MOUND AT CONCENTRATIONS FOUND IN EXTRACELLULAR FLUID 


Sodium Loss Tluid Loss Fluid Loss 

Days Gm on Basis of Na Chloride Loss on Basis of Cl 

Post-Burn (Total) cc /Day Cm cc /Da\ 


A Circumsertbed Partial Thiel ness Burn 
Case 264 S 5% Burn of Partial Thickness 
0- 3 2 0 1S3 

B Extensive Partial Thickness Burn 
Case 2S4 45% Total Bum, 5% Full Thickness 
0-4 49 375 

5-11 78 400 

12-21 5 2 158 

22-31 3 9 119 

32-41 4 1 124 

42-51 1 5 46 

52-61 0 0 

C r xlensive P nil Thickness Burns 


Case 260 28% Total Burn 12% Pull Thickness 


0- 4 

4 7 

360 

3 9 

265 

5-11 

12 1 

616 

9 8 

432 

12-21 

11 7 

356 

14 4 

390 


Case 269 27% Total Burn 20% Full Thickness 


0- 4 

15 5 

1180 

17 3 

1175 

5-11 

14 1 

720 

14 5 

660 

12-21 

27 9 

850 

40 8 

1110 


Case 234, 55% Total Burn 45% Full Thickness 
0-4 18 5 1400 

5-11 25 3 1100 


Case 268, 62% Total Burn 22% Full Thickness 
0-4 25 5 1700 30 9 2110 

5-11 15 4 1175 18 9 860 

Case 262, 85% Total Burn 58% Full Thickness 
0- 4 30 7 2350 20 0 1352 

5-11 36 8 1870 24 0 1083 

for example by gravitation of head edema to the neck and upper thorax) A 
more extensive surface area burn is not necessaiily accompanied by any fur- 
ther expansion 

4 There is a limit to which the extracellular space can expand and the 
organism survive An expansion of this space more than 50 per cent over 


4 8 

131 

/ 

3 6 

100 


1 2 

33 


0 

0 
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normal is fi aught with danger, the mechanism foi disposal of the excess fluid 
may not be adequate when resoiption of edema takes place, and an inoidmate 
expansion of the extiacellulai measmement in itself indicates wudespread 
changes in permeability 

5 Ovei -zealous therapy may exaggerate the extiacellulai space expansion 

6 Renal function is a sensitive index of the balance betw^een tissue thirst, 
quenching, and over-satiation 

7 External loss of fluid is minor compared wuth the pooling ot edema in 
the area of the wound, yet it is laige enough to be taken into account in ther- 
apy The volume can be estimated on the basis of the area of the wound 

8 Evidence is lacking that piessuie dressings materially limit the fluid 
requiiements of the burned patient Edema fluid is displaced pioximally by 
such diessings ' 

9 Resoiption of edema has staited as a lule by the 45th to 50th hour, it 
may be 1 apid and ovei whelming if fluid therapy is not promptly curtailed 

Although the admimstiation of fluid therapy on the basis of the surface 
area formula represents a distinct improvement over that based on hemocon- 
centration, theie are shortcomings The surface area formula does not take into 
account vaiiation in the volume of edema according to the body area burned 
and the depth of injury, the relocation of the edema from burned to unburned 
areas, and the probability that multiple small burns strategically located may 
overload the lymphatic tiunks of one area and lead to a dispi oportionately 
large accumulation of fluid The formula also neglects the complication intro- 
duced by damage to the respiratoiy tiact and the factor of size of the patient 
Pulmonaiy damage may increase the requirement for fluid, but it also invites 
drowning As foi the size of the patient, it is obvious that there is more edema 
beneath r pei cent of the skin of a laige man than i pei cent of a small woman 
or child But the most important shoitcoming of this foimtila is the absence 
in it of any idea of lestraint On the contrary, there is m it a temptation to 
ovei -estimate the extent of the aiea burned Oui difficulties have lesulted from 
over-zealous treatment 

Since the interstitial space expansion can be predicted, the needs of the 
patient can be satisfied by basing therapy on the anticipated expansion, both 
in volume and in time Such an approach might make up for the deficiencies of 
the surface area formula, it should insure adequate therapy 111 patients withi 
burns of 30 to 50 per cent of the body surface and restiain ovei -zealous treat- 
ment in patients with bums of 60 to 100 per cent It would tend to limit the 
amouiitrof fluid which must be excieted once resoiption start'' The observa- 
tions that the three of our patients wdiose extracellulai fluid volume expanded 
more than 50 pei cent ovei normal died, and that renal function is a sensitive 
index of the state of hydration, lead to the concept that both the anticipated 
interstitial space expansion and renal function could be used in planning and 
guiding therapy 

* Dr D W Richards, Jr, has also emphasized the importance of avoiding excessive 
fluid therapy in the extensively burned patient 
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Formula Based Upon Anticipated Interstitial Space Expansion 

The following formula, based on the anticipated interstitial space expansion, 
IS suggested for the fluid therapy during the first 48 hours of the patient burned 
30 per cent or more of the body surface 

Fluid IS to be given to replace that lost m four v ays as ( i ) w ound edema, 
(2) from the vound surface, (3) uiine and (4) insensible water The first 
tw'O are w'ound fluid, m composition the same and are logicallj therefore con- 
sidered togethei The protein concentiation of this fluid is approximately 4 
per cent, two-thirds that of plasma, while the electrolyte content and concen- 
tration equal that of plasma •' 

In the first 48 hours the followung amounts are to be given 

1 For w'ound edema, a volume equal to 10 per cent of the body weight 

2 For external loss an amount var\mg according to the area of w'Ound 
surface 

Bums of 25-35 per cent = 1,000 cc 

35-60 per cent = 2,000 cc 

60 per cent and over = 3,000 cc 

Add I and 2 , twm-thirds of this combined volume is given as plasma and 

one-third as non-colloid isotonic electrolyte solution This 48-hour ration is 
divided into four equal parts, two parts are scheduled for the first 12 hours, 
one part for the second 12, and the fourth part for the second 24-hour period 
This rationing, weighted m the first 12 hours, takes into account the fact that 
the redistribution of fluid occurs most rapidly in the initial hours after injury 
The time intervals are, of course, calculated from the time of burn and, if the 
patient enters six hours from the time of burn, the subsequent six hours must 
include the administration of the full 12 hours’ ration 

3 For renal excretion, 1,500 cc foi each 24 hours, 3,000 cc total, of non- 
colloid fluid One-half is to be given as isotonic electrolyte intravenously The 
other half as glucose in water if given intravenously or as palatable fluids if 
by mouth 

4 For insensible loss, i 500 cc for each 24 houis, 3,000 cc total, of non- 
colloid, non-electrolyte solution, glucose in water if given intravenously, or 
palatable low salt fluids if by mouth 

It would be unreasonable to expect this formula alone to suffice for clinical 
care because hourly alterations in rate of water-transfer and excretion occur , 
insensible and surface losses are at best estimates and the w'ater resulting from 

* The protein concentration of the wound fluid is described in the following paper 

** For example, in a 70 kg man with 50 per cent of jus body surface burned the 
volumes for the first 48 hours would be as follows 

10 per cent body weight = 7,000 cc 
External loss = 2,000 cc 

Total 9,000 cc 

Two-thirds as plasma = 6,000 cc plasma 

One-third as saline = 3, 000 cc saline 

This 9,000 cc IS to be given in the time schedule outlined in the text 
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metabolism is ^anable As with the surface area formula, there is need for a 
sensitive and significant means of following the clinical progress of the patient 

Renal Output as Adjunct to Plan of Therapy 

As expel lence accumulated it became evident that our previous methods of 
evaluating the day to day oi hour to hour course of a burned patient were not 
wholly satisfactory Hematocrit piovided a measure of inadequate plasma 
therapy, if it remained consistently over 55, shock and oliguria resulted. 
Betw'een this and the proHuclion of hemodilution and edema by over-admmis- 
tration of fluid there remained a wnde area in wdiich hematociit, plasma protein 
concenti ation and body space measurements were poor guides If one adminis- 
tered treatment until the hematocrit fell into the thirties, it was already too late 
to remedy the serious watei logging evidenced by the hemodilution 

The simplest index of the state of balance between needs and therapy that 
w'e could discover w'as an hour to hour vigil over renal output This was pro- 
vided by placing an inlying catheter m the bladder, letting it dram by gravity 
into a small vessel, and recording hourly the amount and specific gravity of 
the urine The value of this maneuver m Case 149 has already been described 
in detail Charts based on the average intake and output of other cases whose 
problems ha^ e already been discussed are shown m Charts 3 through 8 These 
quantitative urine output data m general indicate three types of situations com- 
monly encountered m wdiich the usefulness of this method w^as most readily 
apparent 

Adequate hourly outputs m the normal to high range ( 50 cc or more per 
hour up to 200 cc per hour) bespeak the adequacy of therapy and warn 
against increasing fluid intake 

A falling or low hourly output (30 cc per hour down to 5 cc per hour for 
three hours or more) calls for immediate increase of therapy, a necessity not 
evident for many hours if the hematocrit alone is used The earlier the low 
urine output appears after the burn, the more pressing the need for increased 
therapy 

Hourly urine outputs over 200 cc per hour for more than six hours signify 
over-treatment if encountered m the first 48 hours or spontaneous diuresis if 
after the 48th hour This hourly volume calls for a drastic cut in fluid admin- 
istration if one is to avoid plethora, pulmonary edema or congestive heart 
failure 

There w^as one finding, however, which was equivocal, using the hourly 
urine output as an index of therapy This was a continued low output (o to 
30 cc per hour) for many hours m the face of continuing therapy Under these 
circumstances two opposite explanations offer themselves, and it is of the great- 
est importance to distinguish betw'een them 

1 The therapy underway may be inadequate, or 

2 A renal lesion is present (due to anoxia, 20 dehydi ation, hemo- 
globinuria^®’ or damage antedating the burn) which renders more output 
impossible, and in the face of which any increase m therapi is even more apt 
to produce edema and heart failure 
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The differentiation of these two {iindamentall}^ different causes for the 
oliguria can be accomplished by administering i,ooo to 1,500 cc of fluid rap- 
idly by vein (40 to 60 minutes), a procedure termed the water tolerance test 
This amount of infusion has not been deleterious in our expeiience if not con- 
tinued over 60 minutes It may constitute but a small fraction of the da} s 
intravenous ration The lenal response is most significant If a clear-cut 
increase in hourly urine output occuis, one may conclude that the kidne\ is 
able to handle the water but that the wound demand is not being met b} the 
previous course of tieatment On the othei hand, if there is no renal response, 
one should exercise consideralile caution in continuing intravenous therapy on 
an extensive scale 

The exact natme of the fluid admmisteied for the water tolerance test 
depends to some extent on the situation in w'hich the patient is found In most 
of the instances in which this t}pe of infusion has been used to test kidnei 
function we have used a 5 per cent solution of dextrose in distilled w’ater In 
one or two patients in w horn salt had ptirposelv been restricted because of age 
or preexistent cardiac disease, the possibility existed that oliguria represented a 
salt deficit as much as a watei deficit and for this reason the water tolerance 
test infusion has consisted of normal saline In one patient (Case 149) therapy 
w'as over-weighted with non-colloid-containing solutions at the time that the 
oliguria occurred and he also show'ed severe hemoconcentration wuth respect to 
red cells , it w'as clear that the test infusion sliould consist of plasma 

In any case the infusion is 1 un in so rapidly that a transient plasma volume 
change is produced regardless of the infusing material The use of plasma for 
such a water tolerance test should be approached with caution because, in the 
absence of a plasma deficit, caidiac embarrassment may be produced, even in 
the absence of overt myocaidial disease 

Trial of the Volume Expansion Formula and Renal Function Guide 
Since the fluid therapy of burned patients is a problem only in the exten- 
sively burned, trial of the new" plan of therapy, based on the anticipated increase 
in volume of the inteistitial space and refined by attention to tbe renal func- 
tion, was made upon patients with such burns Five cases have been selected 
with full thickness burns w"ho w"ere so treated and in w"hom adequate measure- 
ments of water balance w^ere made to permit comparison of the method wnth 
that of the surface area formula There W'ere tw"o fatalities , both patients had 
respiratory tract injury Only one patient had early excision and grafting of 
the full thickness w"Ounds Since the importance of these cases lies m the 
details of their care and response, they are presented separately 

Case 260 (Chart 9) — A 27-year-oId tuberculous woman received burns of 28 per cent 
total, 12 per cent full thickness The burns were distributed around the trunk and arms 
with some areas on lower abdomen, buttocks and legs After the initial phase of fluid 
imbalance had been controlled, on the 9th. post-burn day the critical areas in axilla and 
popliteal space were excised and grafted Healing elsewhere was gradual and she was 
discharged on the 94th day 

By plan she was to have received 5,500 cc of plasma, 5,500 cc of saline for wound 

loss 
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dilution and external loss (an overestimate of saline), 2,000 cc of saline for urine 
output, and 3,000 cc of dextrose in water to cover lung losses in her first 48 hours This 
scheme was not adhered to, as her plasma totalled only 3,650 cc in the first 48 hours 
(plus one whole blood transfusion) Hei saline, at 7,100 cc, w'as essentially that outlined 
The w’ater (clectrohte-free) intake totalled S.600 cc During the fiist 48 hours she lost 
1,545 cc as ^onlltllS and could take nothing effectively by mouth 

Bj 10 to 12 hours after injur\, her urine output had dropped to 0 to 25 cc per hour 
and her intra\cnous intake was theiefore accelerated, and for two hours she received a 
rapid infusion (approximately 1,000 cc per hour) of 5 per cent glucose in water (Chart 
9) This was followed b)' a rise in urine output to 400 cc per hour indicating that her 
previous rate of infusion was too slow' Her maximum hematocrit of 52 per cent just 
pre\ious to the water tolerance test dropped to 44 per cent the next day 



Chart 9 — Intake-Output Chart of a Patient with a Total Burn of 28 Per Cent 
Demonstrating the Use of the Water Tolerance Test (Case 260) 

Therapy w'as begun and a customary intake-output discrepancy was observed as one 
would expect in a burn of this magnitude At the loth to 14th hour, urine flow practically 
ceased Therefore, a rapid infusion was begun and there was a gratifying response in 
urine output, indicating that the needs of the wound were not quite being satisfied by the 
earlier therapy As soon as this rapid infusion w'as stopped, how'ever, urine flow again fell 
to a low level and therapy should have been increased At 30 hours the patient responded 
With a spontaneous diuresis, indicating that the peak of edema formation w'as approaching 
and that the period of oliguria had not been long enough to produce renal damage Had 
the tw'o periods of low renal output occurred several hours earlier, when the rate of edema 
formation presumably was at its height, the failure to increase the rate of fluid therapj 
following the w'ater tolerance test might have been followed by renal damage 


Case 262 (Chart to) —A 64-3'ear-old Portuguese male admitted to hours after 
sustaining burns covering 85 per cent of his body surface Fifty-eight per cent was of 
full thickness destruction, some of it deeply charred His course w'as steadily downhill 
after the fourth post-burn day , he coughed up blood-tmged sputum and died of respiratorj' 
failure with respirations up to 70 per minute on his 8th post-burn day Postmortem exam- 
ination showed generalized arteriosclerosis, an hemorrhagic pulmonary lesion, nephrosis 
and nephrosclerosis 
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On admission the patient showed hemoconcentration with an hematocrit of 65 per cent 
and plasma protein of 7 7 Gm /loo cc His estimated body weight was 60 kg Because of 
the lo-hour lapse and presence of established shock the fluid ration was heavily concen- 
trated in his first 12-hour period 

The expansion formula was followed and in his first 12 hours he received 4,250 cc of 
plasma, 5,000 cc of other intravenous fluids (3,000 of which were saline) and one whole 
blood transfusion His response to this was gratifying He rallied clinically, his urine 
output rose from near zero levels to 100 cc per hour and in the next 12 hours to 200 cc. 
per hour (Chart 10) His hematocrit fell to 402 per cent and his non-protein-nitrogen to 
48 mg/ioo cc (from a level of 55 mg/100 cc on admission) By his 40th hour, urine 
output was sufficient to justify lowering his intake to less than 200 cc per hour and despite 
this he maintained good urine output, indicating a tendency to diurese his edema 



Chart 10 — Intake-Output Chart of an Elderly Man with a Burn of 85 Per Cent Who 
Succumbed (Case 262) 

An early high intake-output discrepancy indicates the amount of fluid required to 
satisfy the demands of the wound in this patient before a satisfactory urinary output 
appeared at the 23rd hour Thereafter, intake was cut down to a level adequate to maintain 
normal urine flow until 185 hours post-burn at which point the patient became oliguric 
despite therapy and died Postmortem examination showed preexisting renal disease in 
addition to extensive wounds 


From this point on, however, he failed to improve , his non-protein-nitrogen remained 
elevated and terminally, with a temperature of 104, pulse rate of 160“ and respiration rate 
of 70, anuria developed, preceding death by three or four hours The terminal events were 
those of respiratory tract burn, evidenced on admission by burn of the nares and pharynx 
and leading to cyanosis, pulmonary exudate and death 

Case 269 (Chart 2) — A 6o-year-old luetic alcoholic was admitted 22 hours after 
receiving burns totalling 27 per cent with 20 per cent full thickness On admission the 
patient was in borderline circulatory failure with an hematocrit of 59 per cent which, 
during the first 12 hours of therapy, fell to 52 per cent, and then dropped to the range of 
38 to 42 per cent where it remained for a week 

Because of the 22-hour lapse before therapy, and despite the elevated hematocrit, lie 
was given a whole blood transfusion initially By plan he was to receive 3,000 cc of 
plasma m his first 12 hours in the hospital, with lessening amounts thereafter It was 
hoped that a water intake of 2,500 cc could be attained orally in his first 12 hours If not, 
suitable intravenous supplement was planned This plan was adhered to and he received 
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4,200 cc of plasma in his first 32 hours in the hospital in a total treatment regime of 
16,000 cc of which 5,300 cc were orally administei ed 

Urine flow almost ceased from the 27th to the 32nd hours (Chart 2) A water tol- 
erance test was given which was followed by a diuresis lasting for nearly 12 hours This 
diuresis indicated that the earlier therapy had been more nearly adequate than suggested 
by the low urinary output 



Chart ii — Intake-Output Chart in a Patient with a Moderately Severe Burn Dem- 
onstrating a Response to the Water Tolerance Test at 40 Hours, Administered Because 
of Low Output Rates in the Previous Eight Hours (Case 269) 

An obvious diuresis was produced which lasted almost 12 hours, indicating that the 
demands of the wound had pieviously been met more satisfactorily than revealed by the 
earlier transient low urinary output 


Case 280 — A 40-year-old feeble-minded male was brought to the hospital within 
three hours after receiving burns of a total of 58 per cent, 45 per cent estimated as full 
thickness There were obvious burns of nose, pharynx and larynx Seven hours after 
entry a tracheotomy was done He died seven days after entry with evidences of pul- 
monary tract burn as the chief cause of death Three days before death, laryngoscopy 
showed necrosis of hypopharynx, epiglottis, esophageal orifice and larynx as far down as 
could be seen 

The plan called for 20,000 cc in 48 hours, half of this in the first 12 hours This plan 
was not strictly adhered to because of an adequate renal output with slightly lesser 
amounts of therapy, and in the first 18 hours he received but 3,000 cc of the 5,000 cc of 
plasma planned (This demonstrates the flexibility of the hourly urine output technic and 
the ease with which a decrease in ration may be adjudged safe ) His kidneys put out 25 to 
180 cc per hour, averaging 100 cc per hour during this time Because of this, a diminu- 
tion in ration was adopted and despite his airway burn, the patient did not develop pul- 
monary edema and maintained an excellent tracheotomy airway and tidal volume until 24 
hours before death, when obstruction due to necrosis in the trachea developed 

Case 281 (Chart 12) — A 26-year-old woman entered the hospital because of burns of 
32 per cent total, 25 per cent full thickness The right arm was so deeply burned tliat on 
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the 8th clay amputation at the niid-forearm became necessary with excision of the burns of 
the remainder of the arm The grafts took satisfactorily, but 13 dajs after the initial 
amputation, reamputation through the nud-humerus was necessary because of sepsis in the 
€lbow joint From then on the patient’s course was uneventful 

The plan of treatment included 5,000 cc of plasma, 3,000 cc of saline and 2,000 cc 
Df glucose in water for the first 48 hours This regimen was followed, but the morning 
following the burn the hourlj urine output was continuing low (10 to 15 cc per hour for 
3 hours) and, therefoie, a water tolerance test was performed (Chart 12) A response 



Chart 12 — Intake-Output Chart in a Patient with a Deep Burn of tlie 
Upper Extremities Requiring Amputation (Case 281) 

Response to a water tolerance test given at the 12th hour post-burn indi- 
cated the need for more intensue therapy, which was accorclingly given At 
the 40th hour the intake and output relation was normal From the 70th to 
the 115 th hours, the output exceeded the intake pointing to resorption of 
wound edema 


with an output of 250 cc for the first hour, then no and 90 cc showed that kidneys 
could function satisfactorily if provided with enough fluid , the intravenous ration was 
increased, renal function remained optimal from then until healing 

The patient had a spontaneous diuresis on the second post-burn day when, with a sharp 
fall in intake, the urine output was maintained and then gradually rose This diuresis was 
presumably occasioned by beginning resorption of wound edema 

SELECTION OF FLUID FORMUIiA 

By what formula shall the fluid therapy of the extensively burned patient 
be guided m the first days after injury? For noimal-sized adult patients, 
burned up to 50^0 per cent of their body surface, the surface aiea formula, 
guided by the renal output, is a safe and sufficient method of planning the fluid 
therapy for the first 4S hours , for more extensive burns or in patients of 
unusually large or small habitus, the formula may be misleading In patients 
whose bum is 30 per cent or more, the expansion of the interstitial portion of 
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the exti acellular space may become maximal, and the formula based on 
expected extracellular space expansion will also apply satisfactorily It, too, 
should always be used in conjunction with the renal output guide Whichever 
foimula IS used, one must not hesitate to depart from plans and admit errors 
m piediction if the kidne}s piotest 

After 48 hours, with either formula, a regimen similar to the second 24 
hours is maintained until the kidneys indicate the onset of diuresis and fluid 
therap} is immediatel) curtailed At this point a shift over to controlled and 
resti allied oral intake may often be made In patients with burns predomi- 
nantly of partial thickness, the diuresis appears promptly and may be massive 
since resorption of edema may proceed at a pace almost the equal of formation 
In patients with bums of full thickness destruction the resorption of edema is 
slower and the dniiesis theiefoie less pionounced The hourly urine figures 
are usual!} no longei useful after the 8th da}^ though m occasional cases there 
may be disquieting peiiods of oliguria up to 14 days and the urine chart should 
then be maintained 

During this eaily period there are many other important considerations 
such as caloric and ^ itamin intake, nitrogen intake, red cell replacement, seda- 
tion, tracheotomy, chemotherapy, etc *' The outlines of therapy cover only 
fluid therapy . the other features ai e dealt wnth elsewhere 

SUMMARY 

The extracellular space has been measured m a senes of burned patients, 
patients wuth other diseases and normal human beings, dehydrated and given 
therapy The measurements have included the plasma, thiocyanate and radio- 
sodium volumes 

Almost identical in noimal individuals, the radiosodium and thiocyanate 
volumes may differ in burned patients In the first days after injury, the radio- 
sodium may be the larger In the later days, concomitant wuth wound infec- 
tion, the thiocyanate volume surpasses that of the radiosodium These 
discrepancies point to differential cell permeabilities for the twm 10ns 

In the burned patient an expansion of the extravascular extracellular space 
or interstitial space is the important feature of the disordered fluid balance, 
though there is external fluid loss from the wound, the interstitial space is, 
nonetheless, the chief recipient of plasma loss Pressure dressings do not effec- 
tively limit the interstitial space expansion 

Therapy must be planned to satisfy, and not augment, this pool of wound 
edema Over-treatment will exaggerate the defect and m the extensively 
burned patient will endanger survival 

Measurement of the hourly urine output is the most ready means of check- 
ing the adequacy or noting the excess of treatment 

* The necessity of special nursing and a professional visit at intervals of only a few 
hours IS obvious from the nature of the measures taken to insure success The care of an 
acute burn can, from the point of view of professional care needed, best be compared to 
diabetic coma or advanced tetanus 
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A simple water tolerance test is described which allows a more accurate 
interpretation of small hourly urine outputs 

All of the fluid needed to prevent circulatory failure and dehydration of 
the body in the first 36 to 48 hours must eventually be excreted by the kidneys 
or exhaled by the lungs, if not lost in the exudate When resorption of edema 
is manifest after the 48111 houi, fluid therapy must be promptly curtailed to 
avoid pulmonary edema In burns of partial thickness the resorption may 
proceed almost as rapidly as the formation while m those of full thickness 
destruction the resorption is generally slowei 

The practical application of this knowledge to extensive burns is described 
Plans of therapy, based upon the anticipated expansion of the interstitial space 
as well as the surface area burned, are outlined for patients having a burn of 
15 per cent or more of the body surface 
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